(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

04.07.2001 Bulletin 2001/27 

(21) Application number: 00311721.5 

(22) Date of filing: 28.12.2000 



(ID EP 1 113 459 A2 

EUROPEAN PATENT APPLICATION 

(51) Intel. 7 : H01B3/44 



(84) Designated Contracting States: 


• Kobuke, Hisashi 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Chuo-ku, Tokyo 103-8272 (JP) 


MC NL PT SE TR 

new mi_ i i oi_ i n 


• Endo, Toshikazu 


Designated Extension States: 


Chuo-ku, Tokyo 103-8272 (JP) 


A 1 FT 1 W ■ M If rjrt CI 

AL LT LV MK HO SI 


* taKanara, oeiji 




Chuo-ku, Tokyo 103-8272 (JP) 


(30) Priority: 28.12.1999 JP 37380499 


• Abe, Toshiyukl 


28.12,1999 JP 37380599 


Chuo-ku, Tokyo 103-8272 (JP) 


28.12.1999 JP 37380699 


• Ohkawa, Hiroshige 


28.12.1999 JP 37335399 


Chuo-ku, Tokyo 103-8272 (JP) 


28.12.1999 JP 37573299 


• Sasaki, Masami 


28.12.1999 JP 37575399 


Chuo-ku, Tokyo 103-8272 (JP) 


13.03.2000 JP 2000068364 


• Kawabata, Kenichi 


13.03.2000 JP 2000068366 


Chuo-ku, Tokyo 103-8272 (JP) 


21.04.2000 JP 2000121629 




19.05.2000 JP 2000147591 


(74) Representative: Wise, Stephen James et al 




c/o RAWORTH, MOSS & COOK 


(71) Applicant: TDK Corporation 


36 Sydenham Road 


Tokyo 103-8272 (JP) 


Croydon, Surrey CR0 2EF (GB) 


(72) Inventors: 




• Takaya, Minoru 




Chuo-ku, Tokyo 103-8272 (JP) 





(54) Composite dielectric material containing ceramic powders and substrate coated with this 
material 



(57) A composite dielectric material comprising a 
resin resulting from a polyvinylbenzyl ether compound 
and a dielectric ceramic powder dispersed therein is 
useful in the high-frequency region. A composite mag- 
netic material comprising a polyvinylbenzyl ether com- 



pound and a magnetic powder is also provided as well 
as aflame retardant material comprising a polyvinylben- 
zyl ether compound and a flame retardant. These ma- 
terials may be used in the fabrication of substrates, pre- 
preg sheets, coated metal foils, molded items, and metal 
foil-clad substrates. 
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planar dimensions. The copper-c!ad laminates which are free from ferrite powder, that is, lack magnetic material have 
the problem that in forming devices, parts and circuits utilizing magnetic characteristics, a ferrite material must be 
separately applied or a ferrite member must be mounted. The copper-clad laminates which are free from ferrite powder 
do not have magnetic shielding effects by themselves and are not suitable in magnetic shielding purposes. 

5 [0015] JP-A 58-1 58813 discloses an electrical laminate comprising abase impregnated with a laminate-forming resin 
containing a metal oxide having both magnetic and electrically insulating properties. Illustrative examples are combi- 
nations of phenolic resin with kraft paper, which arepoorin heat resistance and strength required forthinning purposes. 
The content of ferrite powder is below 50 wt% of the entire composition, failing to provide satisfactory magnetic prop- 
erties required as a magnetic material 

io [0016] JP-A 59-1 76035 discloses a composite fiber material for absorbing electromagnetic waves, comprising fiber 
layers disposed one on top of the other and joined by a matrix consisting of a resin and a curing agent wherein a filler 
for absorbing electromagnetic waves is contained in each layer such that its concentration is graded from the outside 
to the inside. Since the filler is distributed so as to give a compositional grading, the prepreg manufacture Is cumber- 
some. 

*5 [0017] JP-A 2-120040 discloses a copper-cfad laminate for absorbing electromagnetic waves, which is obtained by 
impregnating glass fiber woven fabric with a thermosetting resin, drying to form a prepreg, and placing copper foil on 
the prepreg, followed by laminating press, wherein an electromagnetic wave-absorbing material is mixed and dispersed 
in the thermosetting resin so that electromagnetic noise of a selected frequency is absorbed. Since PZT powder is 
used in illustrative examples, the resulting laminates are not suitable in magnetic property-utilizing applications and 

20 magnetic shielding purposes. 

[0018] JP-A 11-1 92620 discloses a prepreg obtained by kneading ferrite powder and an epoxy resin in a solvent to 
form a slurry paste, and impregnating glass cloth with the paste, followed by drying, and a composite magnetic substrate 
obtained by laminating press of the prepreg. Since the epoxy resin used as the base of the prepreg has a high dielectric 
constant, the resulting composite magnetic substrate naturally has a high dielectric constant and high dissipation factor 

25 Because of a relatively high percent water absorption, the substrate is likely to undergo a pattern peeling phenomenon 
and changes of dielectric constant and dissipation factor during solder flow and dipping steps. 
[0019] JP-A 1 0-79593 discloses a prepreg obtained by impregnating glass cloth with a magnetic paint comprising a 
soft magnetic powder and a thermosetting resin, and a printed wiring board. Since an epoxy resin used as the base 
of the prepreg has a high dielectric constant, the resulting composite magnetic substrate naturally has a high dielectric 

30 constant and high dissipation factor. Because of a relatively high percent water absorption, the substrate Is likely to 
undergo a pattern peeling phenomenon and changes of dielectric constant and dissipation factor during solder flow 
and dipping steps. 

[0020] Polyvinylbenzyl ether compounds are combustible and so, safety becomes a problem when they are applied 
to multilayer substrates and electronic parts. It remains unsolved to manufacture multilayer substrates and electronic 

35 parts that clear UL-94, V-0 rating. 

[0021] JP-A 9-31006 discloses a polyvinylbenzyl ether compound and a method for preparing the same. This poly- 
vinylbenzyl ether compound in the cured state has dielectric characteristics which are satisfactory and constant over 
a wide frequency region and least dependent on temperature and moisture absorption as well as good heat resistance, 
[0022] It is described in JP-A 9-31006 that the polyvinylbenzyl ether compound is prepared by reacting a polyphenol 

40 with a vinyibenzyl halide in a polar neutral solvent in the presence of an alkali metai hydroxide as a dehydrochlorination 
agent, or in a water/organic solvent mixture in the presence of a phase transfer catalyst (e.g., quaternary ammonium 
salt) and an alkali metal hydroxide as a dehydrochlorination agent at a temperature of up to 1 00*C. The polyvinylbenzyl 
ether compound thus obtained is directly polymerized or cured into a cured product. The cured product of polyvinyl- 
benzyl ether compound obtained by this procedure, however, does not have the desired dissipation factor and are not 

45 suitable for use in the high-frequency application. The transmission foss of a signal is represented by the product of 
frequency, square root of dielectric constant, and dissipation factor, which means that a lower dissipation factor among 
dielectric characteristics becomes desirable as the frequency becomes higher. 

[0023] Commonly known high-frequency electronic parts and multilayer substrates include those obtained by stack- 
ing multiple layers of sintered ferrite or sintered ceramics and molding them into the substrate shape. This has been 
50 a common practice because the multilayer substrates resulting from these materials have the great advantage of size 
reduction. 

[0024] However, since sintered ferrite material has the problem thatthe frequency response of magnetic permeability 
\i among magnetic characteristics merely extends up to about 500 MHz, its use in a high-frequency band of the order 
of gigahertz is limited. The material has a large dielectric constant and suffers from a lowering of high-frequency char- 
55 acteristics under the influence of stray capacity. 

[0025] Besides, simply using sintered ceramics encounters difficulty in achieving a dielectric constant of 4 or less. 

A further lowering of dielectric constant is desired in order to enhance high-frequency characteristics. 

[0026] For enhancing high-frequency characteristics, JP-A 9-76341 J 1-1 92620 and 8-6971 2 disclose substrates of 
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[0037] The above and other objects are achieved by the invention which is defined below. 

(1) A composite dielectric material comprising a resin and a ceramic powder dispersed therein, wherein the resin 
results from a polyvinylbenzyl ether compound, the content of the ceramic powder is from 1 0 vol% to less than 70 

5 vof% based on the ceramic powder and the polyvinylbenzyl ether compound combined, and the composite die- 

lectric material has a Q of at least 250 and a dielectric constant of at least 3 at a frequency of at least 500 MHz. 

(2) The composite dielectric material of (1) which has been prepared by curing a mixture of the polyvinylbenzyl 
ether compound and the ceramic powder. 

(3) The composite dielectric material of (1) or (2) wherein the polyvinylbenzyl ether compound has the following 
*o formula (1); 

(1) 



15 
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25 wherein R 1 denotes methyl or ethyl, R 2 denotes hydrogen or a hydrocarbon group of 1 to 10 carbon atoms, R 3 

denotes hydrogen or a vlnylbenzyl group in a molar ratio of hydrogen to vinylbenzyl of from 60:40 to 0:1 00, and n 
is a number of 2 to 4. 

(4) The composjte dielectric material of any one of (1) to (3) wherein the ceramic powder to be dispersed has a Q 
of 250 to 50,000 and a dielectric constant of 2.5 to 300 at a frequency of 1 to 15 GHz, 
so (5) The composite dielectric material of any one of (1) to (4) wherein the ceramic powder is at least one ceramic 

based on a composition selected from the group consisting of Ti0 2 , CaTi0 3 , SrTi0 3 , BaO-Nd 2 0 3 -Ti0 2 , Bi 2 O s - 
BaO-Nd 2 O 3 -Ti0 2 , BaTi 4 0 9 , BagTigOgo, Ba 2 (Ti,Sn) 9 O 20 , MgOTi0 2 , Zn0-"TIO 2 , MgO-SiO a , and Al 2 0 3 base com- 
positions. 

(6) A composite dielectric material comprising a resin and a ceramic powder dispersed therein, wherein the resin 
35 results from a polyvinylbenzyl ether compound, the ceramic powder is at least one ceramic based on a composition 

selected from the group consisting of BaTi0 3j (Ba,Pb)Ti0 3 , Ba(U t Zr)0 3 , and (Ba,Sr)Ti0 3 base compositions, the 
content of the ceramic powder is from 30 vol% to less than 70 vol% based on the ceramic powder and the poly- 
vinylbenzyl ether compound combined, and the composite dielectric material has a dielectric constant of at least 
10 in a high-frequency band of at least 1 0 MHz. 
40 (7) The composite dielectric material of (6) which has been prepared by curing a mixture of the polyvinylbenzyl 

ether compound and the ceramic powder. 

(8) The composite dielectric material of (6) or (7) wherein the polyvinylbenzyl ether compound has the above 
formula (1). 

(9) The composite dielectric material of any one of (6) to (8) wherein the ceramic powder to be dispersed has a 
45 dielectric constant of 90 to 100,000 at a frequency of 1 00 kHz to 10 MHz. 

(10) A composite dielectric substrate comprising a resin and a dielectric ceramic powder dispersed therein, wherein 
the resin results from a polyvinylbenzyl ether compound, the content of the dielectric ceramic powder is from 1 0 
to 65 vol% based on the dielectric ceramic powder and the polyvinylbenzyl ether compound combined, and the 
composite dielectric substrate is used in a high-frequency region of at least 100 MHz. 

so (11) The composite dielectric substrate of (1 0) which has been prepared by molding and curing a mixture of the 

polyvinylbenzyl ether compound and the ceramic powder. 

(1 2) The composite dielectric substrate of (1 0) or (1 1 ) wherein the polyvinylbenzyl ether compound has the above 
formula (1). 

(13) The composite dielectric substrate of any one of (10) to (12) wherein the dielectric ceramic powder has a 
55 mean particle size of 0.5 to 1 00 |im. 

(1 4) A prepreg which has been prepared by dispersing a polyvinylbenzyl ether compound and a dielectric ceramic 
powder in a solvent to form a slurry, applying the slurry to a cloth base, and drying, wherein the content of the 
dielectric ceramic powder is from 10 to 65 vol% based on the dielectric ceramic powder and the polyvinylbenzyl 
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(43) A double side metal foil-clad substrate which has been prepared by placing two plies of the prepreg of (40) 
on opposite surfaces of glass cloth such that the metal foils are positioned outside, followed by laminating press, 

(44) A prepreg which has been prepared by mixing a polyvinylbenzyl ether compound and a magnetic powder at 
a temperature of not lowerthan the melting point of the polyvinylbenzyl ether compound, and molding the resulting 

5 solid mixture under pressure. 

(45) A substrate which has been prepared by laminating press the prepreg of (44). 

(46) A double side metal foil-clad substrate which has been prepared by placing metal foils on opposite surfaces 
of the prepreg of (44), followed by laminating press. 

(47) A multilayer substrate which has been prepared by stacking at least two plies of the prepreg or substrate of 
10 any one of (44) to (46), followed by laminating press. 

(48) A flame retardant substrate comprising a polyvinylbenzyl ether compound and a flame retardant dispersed 
therein. 

(49) Theftame retardant substrate of (48) wherein the polyvinylbenzyl ether compound has the above formula (1 ). 

(50) The flame retardant substrate of (48) or (49) wherein the flame retardant is a hafogenated phosphate. 

'5 (51 ) The flame retardant substrate of any one of (48) to (50) wherein the content of the flame retardant is 40 to 60 

wt% based on the flame retardant and the polyvinylbenzyl ether compound combined. 

(52) A prepreg which has been prepared by dispersing a polyvinylbenzyl ether compound and a flame retardant 
in a solvent to form a slurry, applying the slurry to a glass c[oth>and drying. 

(53) A prepreg which has been prepared by dispersing a polyvinylbenzyl ether compound and a flame retardant 
20 in a solvent to form a slurry, applying the slurry to a metal foil, and drying. 

(54) A substrate which has been prepared by laminating press the prepreg of (52). 

(55) A double side metal foil-clad composite dielectric substrate which has been prepared by placing metal foils 
on opposite surfaces of the prepreg of (52), followed by laminating press. 

(56) A double side meta! foil-clad substrate which has been prepared by placing two plies of the prepreg of (53) 
25 on opposite surfaces of glass cloth such that the metal foils are positioned outside, followed by laminating press. 

(57) A prepreg which has been prepared by mixing a polyvinylbenzyl ether compound and a flame retardant at a 
temperature of not lower than the melting point of the polyvinylbenzyl ether compound, and molding the resulting 
solid mixture underpressure. 

(58) A substrate which has been prepared by laminating press the prepreg of (57). 

30 (59) A double side metal foil-clad substrate which has been prepared by placing metal foils on opposite surfaces 

of the prepreg of (57), followed by laminating press. 

(60) A multilayer substrate which has been prepared by stacking at least two plies of the prepreg or substrate of 
any one of (52) to (59), followed by laminating press. 

(61) A flame retardant polyvinylbenzyl ether resin composition comprising a polyvinylbenzyl ether compound and 
35 an additive type flame retardant or a mixture of an additive type flame retardant and a flame retardant adjuvant, 

(62) The flame retardant polyvinylbenzyl ether resin composition of (61) wherein the additive type flame retardant 
is a brominated aromatic flame retardant which is present in an amount of 5 to 70% by weight based on the 
polyvinylbenzyl ether compound. 

(63) The flame retardant polyvinylbenzyl ether resin composition of (61) wherein the flame retardant adjuvant is 
40 an inorganic flame retardant, and a mixture of the brominated aromatic flame retardant and the inorganic flame 

retardant is present in an amount of 5 to 70% by weight based on the polyvinylbenzyl ether compound. 

(64) The flame retardant polyvinylbenzyl ether resin composition of any one of (61) to (63) wherein the polyvinyl- 
benzyl ether compound has the above formula (1). 

(65) The flame retardant polyvinylbenzyl ether resin composition of (61), (63) or (64) wherein the flame retardant 
45 adjuvant is an inorganic flame retardant which has been surface treated with a coupling agent. 

(66) A method for preparing a thermosetting polyvinylbenzyl ether resin composition, comprising the step of dis- 
solving a polyvinylbenzyl ether compound in a solvent capable of dissolving the compound. 

(67) A method for preparing a thermosetting polyvinylbenzyl ether resin composition, comprising the steps of dis- 
solving a polyvinylbenzyl ether compound in a solvent capable of dissolving the compound, removing the solvent 

so from the polyvinylbenzyl ether compound, and obtaining a composition containing the thus treated polyvinylbenzyl 

ether compound. 

(68) The method of (66) or (67) wherein the composition cures into a product having a low dielectric dissipation 
factor. 

(69) The method of any one of (66) to (68) wherein the solvent has a dielectric constant of 2 to 1 6. 

55 (70) The method of any one of (66) to (69) wherein the polyvinylbenzyl ether compound has the above formula (1). 

(71) A thermosetting polyvinylbenzyl ether resin composition which is obtained by the method of any one of (66) 
to (70) and cures into a product having a Q of at least 250 at a frequency of 2 GHz. 

(72) A thermosetting polyvinylbenzyl ether resin composition comprising a polyvinylbenzyl ether compound and a 
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[0046] FIG. 7 is graph showing the volume resistivity versus ferrite content of substrates (ferrite powder-containing 
molding materials) according to the fourth embodiment and the comparative example, 

[0047] FIG. 8 is graph showing the magnetic permeability versus ferrite content of substrates (ferrite powder-con- 
taining molding materials) according to the fourth embodiment and the comparative example, 

5 [0048] FIG. 9 is graph showing the magnetic permeability versus metal powder content of substrates (metal powder- 
containing molding materials) according to the fourth embodiment and the comparative example. 
[0049] FIG. 10 is graph showing the dielectric constant versus metal powder content of substrates (metal powder- 
containing molding materials) according to the fourth embodiment and the comparative example. 
[0050] FIG. 11 is graph showing the magnetic permeability versus frequency at different metal powder contents of 

10 substrates (metal powder-containing molding materials) according to the fourth embodiment and the comparative ex- 
ample, 

[0051] FIG. 12 is graph showing the dielectric constant versus ferrite content of substrates (double side metal foil- 
clad substrates) according to the fourth embodiment and the comparative example. 

[0052] FIGS. 13A to 13C schematically illustrate conductor patterns on opposite sides of a substrate device (coil) 
is according to the fourth embodiment of the invention, FIG. 1 3A illustrating a conductor pattern on a front side, FIG. 1 3B 
illustrating a conductor pattern on a rear side, and FIG. 13C illustrating a paste pattern formed thereon. 
[0053] FIG. 14 is a graph showing the impedance and reactance versus frequency of substrate devices according 
to the fourth embodiment. 

[0054] FIG. 15 is a graph showing the dielectric constant versus frequency of a multilayer plate obtained from a 
20 composition according to a sixth embodiment of the invention. 

[0055] FIG. 1 6 is a graph showing the Q versus frequency of the multilayer ptate obtained from a composition ac- 
cording to the sixth embodiment. 

[0056] FIG. 17 is a graph showing the dielectric constant e of samples according to an eighth embodiment of the 
invention when aged at high temperature. 
25 [0057] FIG. 18 is a graph showing the Q of the samples according to the eighth embodiment when aged at high 
temperature. 

[0058] FIG. 1 9 is a graph showing the dielectric constant e of the samples according to the eighth embodiment when 
aged at high temperature and high humidity. 

[0059] FIG. 20 is a graph showing the Q of the samples according to the eighth embodiment when aged at high 
30 temperature and high humidity. 

[0060] FIG. 21 is a graph showing the dielectric constant s of the samples according to the eighth embodiment under 
reflow conditions. 

[0061] FIG. 22 is a graph showing the Q of the samples according to the eighth embodiment under reflow conditions. 

[0062] FIGS. 23 and 24 illustrate an inductor as one exemplary electronic part of the invention, 
35 [0063] FIGS. 25 and 26 illustrate an inductor as another exemplary electronic part of the invention. 

[0064] FIGS. 27 and 28 illustrate an inductor as a further exemplary electronic part of the invention. 

[0065] FIGS. 29 and 30 illustrate an inductor as a still further exemplary electronic part of the invention. 

[0066] FIG. 31 illustrates an inductor as a yet further exemplary electronic part of the invention. 

[0067] FIG. 32 is equivalent circuit diagrams of the inductors. 
40 [0068] FIGS. 33 and 34 illustrate a capacitor as one exemplary electronic part of the invention. 

[0069] FIG. 35 illustrates a capacitor as another exemplary electronic part of the invention, 

[0070] FIG. 36 is equivalent circuit diagrams of the capacitors. 

[0071] FIGS. 37 to 39 illustrate a balun transformer as one exemplary electronic part of the invention. 

[0072] FIG. 40 is an equivalent circuit diagram of the balun transformer. 
45 [0073] FIGS. 41 and 42 illustrate a multilayer filter as one exemplary electronic part of the invention. 

[0074] FIG. 43 is an equivalent circuit diagram of the multilayer filter. 

[0075] FIG. 44 is a graph showing transmission characteristics of the multilayer filter. 

[0076] FIGS. 45 and 46 illustrate a multilayer filter as another exemplary electronic part of the invention. 

[0077] FIG. 47 is an equivalent circuit diagram of the multilayer filter. 
so [0078] FIG. 48 is a graph showing transmission characteristics of the multilayer filter. 

[0079] FIGS. 49 to 52 illustrate a block filter as another exemplary multilayer electronic part of the invention. 

[0080] FIG. 53 is an equivalent circuit diagram of the block filter. 

[0081] FIG. 54 is a schematic view of a mold for forming the block filter. 

[0082] FIGS. 55 to 57 illustrate a coupler as one exemplary electronic part of the invention. 
55 [0083] FIG. 58 illustrates the internal connections of the coupler. 

[0084] FIG. 59 is an equivalent circuit diagram of the coupler. 

[0085] FIGS. 60 to 62 illustrate an antenna as one exemplary electronic part of the invention, 
[0086] FIGS. 63 and 64 illustrate an antenna as another exemplary electronic part of the invention. 



9 



01 



e uj pDSjQdsfp jap/wod oj^auSELu e selj ieusibw ejejjsqns oj;au6ew eiisodwoo en; 'pawipoqwa mjjfioj ai|j u| Isno] 

■8|qissod si 

asodjnd jEinoj^iEd e joj sqjsuspEJBUooupsiajp pojjsep em 8u[ABij aiejpqns oupaiajp ansodwoo e jo 30104a v aBuEJ 
sp|M e J9A0 o Pub 3 |oj;uoo oj 3|qjssod snqi sj j| '009 oi OP moqB jo 0 b pue of?- oj p jnaqE p iubjsuoo oupapjp e ss 
sel| eiBJisqns 9L|i 'uo[69J Aou9nb9Jj-u6!4 ai|i U| *ZHO 09 oj i A||Bpads9 'ZHIAJ 009 JSB9| ;b A|qEJ3j3Jd 'zhym oohsesi jb 
jo uo;69J Aouanbajj-qBm e uj ssn joj 3|qEi;ns sj jueLwpoqujs pjj4i em jo eiBjpqns oupajajp ejjsodujoo aqx [SH-O] 

■pauuoj aq UBO 

ajnprujs jgABUJiniu e uoa8 pue 'saoBjjns aijsoddo uo s|toj. jeddoo se 40ns s||0^ |Ei9Ui 9AEL| pu Abiu jo Ablu ajBjjsqns 341 
'uojiEUiqiuoo aq* uo Buipuedea 'uoi}eujquuoo am Bujssajd uoi}BuriuE| pue Iqpp ssb|6 sb ipns assq ujo|o b pub '|[oi os 
jeddoo sb qans |pj |Epuu e 'Ajjnjs am Bujssajd uojjBmujEi pus BuiAjp Aq pauiEjqo 5884s passajd uojiBUiwei e '6ujAjp Aq 
poMO||oi r |ioi joddoo se uons |pj |BpuJ E oi Axin|S aiji 6ujA|ddE Aq pau[Ejqo |pj |ejauj psjeoo e 'ujsaj assq e oju| pgjno jo 
p9ZU9UjA]od Buiaq punodiuoo jgqja |Azuaq|AujAApd am 'BujAjp Aq paMonoj/4PpssBi6 sb 40ns gseq qppB ojAjjnjsaLj^ 
6wA|ddB pus 'Ajjpis b iujoj 01 punodwoo J8U.P |Azueq|Au!AA|od b ui J9pMod ojiuBjao oujogjgjp b Bujsjgdsjp Aq pawsj 
-qo B9Jd9Jd b Bujwqwoo A[jadojd Aq paujBjqo sj ajEJisqns 0]jp9|9|p ajjsaduuoo 94; 'juaiuipoquio pjjqj 341 u| Eta Uj] gt? 

•peLHEiqo s| asodmd jo uoijeojidde JBinoijJBd e joj safljadojd pajjsap aqj 

6UIAEL| |BJJ9J.EUU 0IJP3]9]p 9JIS0dUJ00 B 'p9SJ9dS]p 9q OJ 01LUBJ90 JO lUHOUJE pUB 3dAj 3L[J BujpepS A|J8dOJd Ae fcH-Ol 

'syBd Ljons 10 uojpnpaj ezjs 341 6uj[qeu8 'sJojioBdeo pue sjjed puqAq 'spjEoq ijrcxip 
U!-i|inq-JOiiOEdeo sb syed o[uojioe|9 i\ons 'G[dujEX9 joi J p9jmb9J 9je S9|iJ9dojd ijons 9J9U.AA uojieojiddE ue ui gsn jo^ 
pajins sj |eij9]eiu ouioaiaip ajisodujoo 9qi 'puEq Aougribajj-uBiu, aqi ui 3 10 san|BA uj6jq A|8Ajie|8J 10 enyiA Ag fcuol ot? 

"ZJHS 01 ojzi-ilN 001. aioj^ A|qej8i9Jd 'zhw OUSEaj je 10 puEq Aouanb9Ji-q6iq e m QS oiot A|qBJ9|9Jd 'oi 
jSBaj ib 10 3 ilie^suoo ouioaiajp b sbi| |EuajBLU 0[jp9|a|p 9ijsodujoo 3L|i 'punodujoo jama |Azu8q|Au|AA|od B UJoJi 6uii|ns 
-ej UIS9J e u; pasjadstp jepMod ojuJEjao e sBq |bijs;buj ojjp8]3jp e}[sodujoo eqj 'lueuujpoquja puooas 9U.; u| [|.uo] 

psuiEiqo s| esodjnd jo uorieojidde JBinojjJBd b joj soiygdojd pgjisap aqj 
BuiAELf IEU81BUJ opioajeip eijsodujoo e 'pesjadssp aq o\ ojujbjgo jo lunoiUE puE adAi em 6ini09|9S Apadojd Ag [oi-l-Ol ss 

•sjjed qons jo uononpaj azjs aiji 6uj|qBU3 'seuusiue pus 'sjmojp AB|3p 'sijnojjo BuiqojELU aouspgdiu! 
'seuii dujs sb sjJEd oiuojpgie Ltons 'GjdiuBxa joi 'pajmbaj 9je saiyadojd 40ns ajau.M uojiEoi|ddB ub u; ssn joi paims 
s; iBuaiBLu oup9|aip aiisodiuoo 341 'pusq AousnbaJi-LiBm aqj uj 3 pUB D P s9ri|BA L|6jL| A|9aiie|9j p anjjjA Ag leoi-O] 

■ZHO 09 oj 1 

luoji A|qEJ9iajd 'ZHIAJ 00S JSB9| IE fo pueq Aougnbgjj-LiBju, e jsao '01? o\ g A|qEJaisjd ( e ;sBe| IE 10 3 juejsuoo oup9|93p b oe 
pUE 009 OOS A|qEJ9±8Jd '09 JSB9[ ]B 10 o b s^jqjqxa |bu91ELU oujoaiajp aijsodwoo aqi 'ZHO 09 o\ |. AjqBjapjd 'zh^I 
003 iseej ie |0 Aouanbaji q6iL) e je 'o^ 01 s A|qEJ3|3jd 'e 1SB3| ;b 10 3 jubisuoo oupaiaip b pub 003 o\ 093 Aiqejeiajd 
'09S JSE3[ ie jo o b sel| JEU81ELU oupa^ip aiisodujoo aijx punodiuoo J3U.19 |AzuaqiAujAA|od b luoji Bujiinsej ujsbj e 
u; p3SJ9dsjp jepMod ojujejao e seu. lEjjaiBUJ oupoisjp sjjsodujoo 8L|i 'uo[juaAU| equo luauijpoqwg isjy 941 U| [soi-Ol 



S±N3WiaoaiAI3 Q3ad3d3Ud 3HldO NOlldiyOSBQ 



£3 



•siBJjsqns jeAB|!5|nuj e Bujujjoj joj ssaoojd b 10 sdaas aiEjpnu! 66 pub se 'SOU tlOI-Ol 

■ejEJisqns pB|o-|joj jaddoo e Bujuujoj joj ssooojd b p sdeis 3}EJjsn[|! is puE 96 'SOId [9010] 

'gjEJjsqns pep-noj jaddoo b Bujijujoj. joi sssaojd jsmjoue 10 sdajs eiBJjsnif! ase oi VS6 "SOId E&OI-Ol oe 

8;BJisqns pE|0"|joj J3ddoo e Bujujuoi joi ssaoojd E 10 sda;s aiBjjsnm q^q o\ v^6 "SOId tt^O 1-0] 

'uojiuaAu; old 10 ued o!UOjao3|9 

AjB[duj9X9 suo se ;u3Ludjnb8 3|qBiJ0d e 10 uoj^tod Aou9nb9Ji-4B[q E 6u[M04s ujbjBbjp >joo|q e sj e6 'Old [COM)] 

■J0JEU0S9J 84J. 1.0 LUEJBBIP imOJtO JU9|EAinb9 us s| ze 'ZfU [301.0] 

-uojiuaAUj bi\\ 10 jJEd oiuojjoaia AjE|doiax9 J94uni b se jojeuossj b 3jEjjsn|i! |.e pue 06 "SOId llQlQ] si 

■uojiugAUj aqi 10 VEd oiuojjoaia AjBjdujaxe jsliioue SB jojbuosoj b 9jEJ)snf|! 68 pue 88 SOId [OOM)] 

■UOUU9AU] aq; 10 UBd oiuojp9|a Aje|duj9xa auo sb jojbuossj e sjEjjsniH Z8 PUB 98 'SOId [66001 

•uo!iU9Aur aqi 10 UBd omojpata AjE|duj9X9 jaqpus sb ajnpow b aiEJjsnn! 98 P^b t?8 'SOId [86001 

•uonueAUj aqi jo ijsd oiuojpeje AjEidiuaxa auo se ajnpouj e 9iEJ]sn[[! ee P^e z% 'SOId [2.6001 

■ainpouj pgsodjadns 34* jo luejBbip imojp juaiEAmbg ub s| |.g 'Old [9600] 01 

'U011U3AU! 941 jo yBd ojuojp8|8 AjBfdaiexe auo sb a|npotu pasodjadns e aiEjpn[[i 08 P^b 6Z 'SOId [S600l 

■jajjndujE jaMod 04; jo LUBjBBip ijnojp juajEAmba ub sj 21 'Old 1^600] 

•U0IJU9AU! 941 jo lJEd 0jU0JP3|3 AJE|duj8X8 euo se J8!ii|dLUE je/wod B 91BJlSn||! n p.UE 9Z "SOId [&600] 

'OOA 941 10 lubjBbip ljnojp juajEAmba ub sj gz 'Old [5600] 

UOIJUOAUj 343 JO JJEd 0jU0Jp9|9 AjBldLU9X9 9UO SE OOA b 3iEJjsn||! t^Z pub ez 'SOId [ 1-600] s 

-UOJJU3AU! 84J jo lJEd oiuojp9[a AjB|duJ9xa J94unj mis b sb BUU3JUE qoisd E 9iEJjsn||! ZL Pub u 'SOId l0600l 

-uojiuaAUj am jo iJEd oiuojpe|a AjEjdujaxa jaqyni e sb EUuajUE qo^Bd b aiBjjsnii! oZ PUB 69 SOId [6800] 

■uojjuaAui aifl jo yed oiuojpa|9 AjBjduuaxs jaqpuE sb BUuajUB qojBd b 9iBJjsn||j 89 pub Z9 SOId [8800] 

'UOjiuaAur 941 jo jjsd omojpa[8 AjBidtuoxa auo se euuojue qoisd e 9iBJ}sn||j 99 pUE 99 "SOId [Z800] 



EP1 113 459 A2 



polyvinylbenzyl ether compound. With this construction, the composite magnetic substrate material has a Jow dielectric 
constant and is suitable for use in a high-frequency band of at least 100 MHz, preferably from 100 MHz to 10 GHz. 
The content of magnetic powder can be increased to such a level that the composite magnetic substrate material is 
suitable for use in an application utilizing magnetic characteristics and for magnetic shielding purposes. Additionally, 

5 the composite magnetic substrate material has a high strength. When a substrate is formed using the composite mag- 
netic substrate material, bonding and patterning of copper foil are possible without the aid of a nonmagnetic layer or 
adhesive, and a multilayer structure can be realized. Such patterning and multiple layer stacking can be carried out 
by the same process as the conventional substrate manufacturing process, achieving a cost reduction and an improve- 
ment in working. The substrate thus obtained has a high strength and improved high-frequency characteristics. 

10 [0117] In the fifth embodiment, the flame retardant substrate material has a flame retardant dispersed in a potyvi- 
nylbenzyl ether compound. With this construction, the substrate material is flame retardant, has a low dielectric constant 
and is suitable for use in a high-frequency band of at least 1 00 MHz, preferably from 1 00 MHz to 1 0 GHz. Additionally, 
the substrate has a high strength. When a substrate is formed using the flame retardant substrate material, bonding 
and patterning of copper foil are possible without the aid of an adhesive, and a multilayer structure can be realized. 

15 Such patterning and multiple layer stacking can be carried out by the same process as the conventional substrate 
manufacturing process, achieving a cost reduction and an improvement in working. The substrate thus obtained has 
a high strength and improved high-frequency characteristics. 

[0118] In the sixth embodiment, the resin composition is intended to render flame retardant a resin resulting from 
polymerization or curing of a polyvinylbenzyl ether compound. This resin composition contains a polyvinylbenzyl ether 

20 compound and an additive type flame retardant or both an additive type flame retardant and a flame retardant adjuvant. 
The additive type flame retardant has little influence on curing conditions and is easy to handle because it need not 
take into account reaction conditions. As compared with reactive type flame retardants, the additive type flame retardant 
avoids differential shrinkage upon curing under different conditions, resulting in a less variance among products. 
[0119] In the seventh embodiment, the method for preparing a polyvinylbenzyl resin composition by dissolving a 

25 polyvinylbenzyl ether compound in a solvent capable of dissolving the compound and preferably, thereafter removing 
the solvent, yielding a solvent-treated polyvinylbenzyl ether compound. In the thus obtained polyvinylbenzyl ether com- 
pound, the solvent may have been completely removed or part of the solvent may be left behind. Using the solvent- 
treated polyvinylbenzyl ether compound, a thermosetting polyvinylbenzyl ether resin composition is prepared. The use 
of the solvent-treated polyvinylbenzyl ether compound ensures that the corresponding composition in the cured state 

30 has improved dielectric characteristics over a wide frequency region, especially a high-frequency region of from 100 
MHz to 10 GHz, as compared with the use of untreated polyvinylbenzyl ether compound. In particular, a high Q value 
(Le f} low dissipation factor) in the high-frequency region is obtained. It is believed that the molecular arrangement of 
the polyvinylbenzyl ether compound is disintegrated or loosened by the interacting solvent or other factors, and this 
accounts for a high Q value in the cured state. 

35 [0120] In the eighth embodiment, the thermosetting polyvinylbenzyl ether resin composition contains a polyvinylben- 
zyl ether compound and a dielectric powder which has been surface treated with a coupling agent. Curing the resin 
composition yields a composite dielectric material. Since the dielectric powder which has been surface treated with a 
coupling agent is used in the composite dielectric material , the interface between the dielectric powder and the resin 
material is improved and their bond becomes tight. Then, even when aged under high-temperature conditions or high- 

40 temperature, high-humidity conditions, the composite dielectric materiaf experiences minimal changes of dielectric 
constant and dissipation factor (i.e., Q). Especially when an alkoxysilane or organic functional silane coupling agent 
having a pyrolysts initiation temperature of at least 250°C is used, the composite dielectric material experiences minimal 
changes of dielectric constant and dissipation factor even under high-temperature conditions as typified by the reflow 
temperature. 

45 [0121] In the ninth embodiment, the electronic part of the composite resin type has an organic dielectric layer con- 
taining at least a polyvinylbenzyl ether compound, a composite magnetic layer having a magnetic powder dispersed 
in a polyvinylbenzyl ether compound, or a composite dielectric layer having a dielectric powder dispersed in a polyvi- 
nylbenzyl ether compound, all as defined above. This construction ensures ease of adjustment of a dielectric constant 
and a lowering of dielectric constant, allowing the electronic part to be used in a high-frequency region of at least 1 00 

50 MHz, preferably from 100 MHz to 10 GHz. 

The composite magnetic layers are suitable for use in an application utilizing magnetic characteristics and for magnetic 
shielding purposes. The composite dielectric layers can have relatively high values of Q and s in the high-frequency 
band, so that the composite dielectric substrate is suited for use in an application where such properties are required, 
for example, such electronic parts as strip lines, impedance matching circuits, delay circuits, and antennas. Additionally, 

55 the composite dielectric substrate has a high strength. 

[0122] When a substrate or multilayer electronic part is formed using the composite magnetic layers or composite 
dielectric layers, bonding and patterning of copperfoil are possible withoutthe aid of adhesive, and a multilayer structure 
can be realized. Such patterning and multiple layer stacking can be carried outby the same process as the conventional 
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[0130] Note that R 3 is represented by a molar ratio of H/vmylbenzyl, and "C^q alkyl" is a mixture of alkyl groups of 
1 to 10 carbon atoms inclusive of aralkyl groups, 

[0131] The polyvinylbenzylethercompound of formula (1)can be synthesized, for example, by reacting apolyphenol 
of the general formula (2) with a vinylbenzyl halide as descried in JP-A 9-31006, 

[0132] The reaction of apolyphenol with a vinylbenzyl halide maybe effected in any desired manner. Typical methods 
are method I of reacting a polyphenol with a vinylbenzyl halide in a polar neutral solvent, using an alkali metal hydroxide 
as a dehydrochlorinatton agent, and method II of reacting a polyphenol with a vinylbenzyl hafide in a water/organic 
solvent mixture in the presence of a phase transfer catafyst (e.g., quaternary ammonium salt) at a temperature of up 
to 100°C, using an alkali metal hydroxide as a dehydrochlorination agent. 

[0133] The polyphenol of formula (2) is commercialty available, for example, under the trade name of PP-700-300 
and PP-1 000-1 80 from Nippon Oil K.K. 

[0134] Examples of the vinylbenzyl halide Include p-vinylbenzyl chloride, m-vinylbenzyl chloride, a mixture of p- 
vinylbenzyl chloride and m-vinylbenzyl chloride, p-vinylbenzyl bromide, m-vinylbenzyl bromide, and a mixture of p- 
vinylbenzyl bromide and m-vinylbenzyl bromide. Of these, p-vinylbenzyl chloride, and a mixture of p-vinylbenzyl chlo- 
ride and m-vinylbenzyl chloride are preferred. The use of p-vinylbenzyl chloride results in a polyvinylbenzyl ether com- 
pound having good symmetry, a high melting point and a high softening point, The use of a mixture of p-vinylbenzyl 
chloride and m-vinylbenzyl chloride results in a polyvinylbenzyl ether compound having a low melting point and a low 
softening point which is easy to work. 

[0135] The proportion of polyphenol and vinylbenzyl haiide may be selected as appropriate. For example, the 
polyphenol and vinylbenzyl halide are used in a molar ratio of from 100:40 to 100:120. 

[0136] Examples of the polar neutral solvent include dimethylformamide, dimethylsu If oxide, dimethylacetamide, N- 
methylpyrrolidone, dioxane, acetonitrile, tetrahydrofuran, ethylene glycol dimethyl ether, 1,3-dimethoxypropane, 
1,2-dimethoxypropane, tetrarnethylenesuifone, hexamethylphosphoramide, methyl ethyl ketone, methyl Isobutyl ke- 
tone, and acetone, and mixtures thereof, 

[0137] Examples of the alkali metal hydroxide are potassium hydroxide, sodium hydroxide and a mixture thereof. 
The alkali metal hydroxide is used in an amount of about 1 ,1 to 2.0 mol per mol of phenolic hydroxyl groups. 
[0138] In either Method I or II, a reaction temperature of about 30 to 1 00°C and a reaction time of about 0.5 to 20 
hours are appropriate. 

[0139] When the polyvinylbenzyl ether compound is prepared by either of the above methods, some blending for- 
mulations of polyphenol and vinylbenzyl halide wifl result in compounds in which all the phenolic hydroxyl groups on 
the polyphenol of formula (2) have not been replaced by vinylbenzyl groups. In this case, the reaction product is a 
mixture of the polyvinylbenzyl ether compound of formula (1) and the polyphenol of formula (2). In the practice of the 
invention, the presence of the polyphenol is acceptable as long as the content of the polyphenol is below a specific 
level, that is, below 60 mol% of the mixture. Inclusion of more than 60 mol% of the polyphenol is undesirable because 
subsequent curing reaction does not proceed to a full extent, failing to achieve satisfactory dielectric characteristics. 
[0140] The percent substitution at which the phenolic hydroxyl groups on the polyphenol of formula (2) are replaced 
by vinylbenzyl groups is preferably 40 to 100 mol%, and especially 60 to 100 mol%. Of course, a higher percent 
substitution is desirable. The percent substitution can be adjusted as appropriate by controlling the blending formulation 
of polyphenol and vinylbenzyl halide. 

[0141] Where the presence of polyphenol is not permissible, the blending formulation of polyphenol and vinylbenzyl 
halide is determined as appropriate, and the unreacted reactant is removed by suitable means such as a reprecipitation 
purification method using a combination of solvent and non-soivent systems, 

[0142] According to the invention, the polyvinylbenzyl ether compound is dissolved in a solvent for the purpose of 
solvent treatment. Any desired solvent may be used for dissolving the polyvinylbenzyl ether compound as long as the 
compound is soluble in that solvent, The preferred solvent has a solubility corresponding to at least 20 g of the poly- 
vinylbenzyl ether compound in 100 g of the solvent. Those solvents having a dielectric constants of 2 to 16 are especially 
preferred. 

[0143] In general, the dielectric constant is used as one factor representing the ease of polarization of a solvent. The 
dielectric constant of a solvent is determined as 
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[0156] The thermosetting resin composition comprising the polyvinylbenzyl ether compound alone or in combination 
with the other monomer or thermosetting resin can be polymerized and cured in a well-known manner. Curing may be 
done in the presence or absence of a curing agent. Typical curing agents are well-known radical polymerization initiators 
such as benzoyl peroxide, methyl ethyl ketone peroxide, dicumyl peroxide, and t-butyl perbenzoate. The curing agent 

5 Is used in an amount of 0 to about 1 0 parts by weight per 100 parts by weight of the polyvinylbenzyl ether compound. 
[0157] The curing temperature varies depending on the presence or absence of the curing agent and the type of 
curing agent. A temperature of about 20 to 250°C, and preferably about 50 to 250°C is sufficient for full curing. 
[0158] Also, hydroquinone* benzoquinone, copper salts or the like may be blended for cure adjustment purposes. 
[0159] The ceramic powder used in the first embodiment should have a high Q and dielectric constant Preferably 

10 the ceramic powder has a dielectric constant of 2.5 to 300 and a Q of 250 to 50,000 at a frequency of 1 to 1 5 GHz. By 
dispersing a ceramic powder having a high Q and dielectric constant in a resin resulting from a polyvinylbenzyl ether 
compound, a composite dielectric material having a high Q and dielectric constant is obtainable. 
[0160] The ceramic powder used in the first embodiment may have a greater dielectric constant and Q in a high- 
frequency band than the resin serving as the dispersing medium. It is acceptable to use a mixture of two or more 

is ceramic powders. 

[0161] The ceramic powder may also be single crystal sapphire (or similar) powder or polycrystafline alumina powder. 
Preferred types of ceramic powder are powders of dielectrics based on the folfowing compositions. The compositions 
are shown together with their dielectric constant e and Q at a frequency of 1 to 15 GHz. 
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Bas (Ti,Sn) 9 O 20 


37 


5,000 




ZrTi0 4 


39 


7,000 




(Zr,Sn)Ti0 4 


38 


7,000 




BaNd 2 Ti 5 0 14 


33 


2,100 


40 


BaSm 2 Tl0 14 


74 


2,400 


Bi 2 0 3 -BaO-Nd 2 0 3 - Ti0 2 


88 


2,000 




PbO-BaO-Nd 2 0 3 -Ti0 2 


90 


5,200 




(Bi 2 0 3l PbO)-BaO-Nd 2 0 3 -Ti0 2 


105 


2,500 




La 2 Ti 2 0 7 


44 


4,000 


45 


Nd 2 Ti 2 0 7 


37 


1,100 




(Li,Sm)Ti0 3 


81 


2,050 
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[0162] Preferred among others are those dielectrics based on the compositions: Ti0 2> CaTi0 3 , SrTiO s , BaO-Nd 2 0 3 - 
no 2l Bj 2 0 3 -BaO-Nd 2 0 3 -TT0 2l BaTi 4 Q 9 , Ba 2 Ti 9 O 20l Ba 2 (Ti,Sn)gO 20l MgO-Ti0 2 , ZnO-Ti0 2 , MgOSi0 2 , and Al 2 0 3 . 
[0163] The ceramic powder may further contain Mn oxide, Nb 2 0 5 , V 2 O s , Si0 2 , B 2 0 3) and glass as an auxiliary com- 
ponent. Existing dielectric materials available in plenty may also be used as the ceramic powder. For example, used 
ceramics and ceramic capacitor-forming powder prior to sintering are available. In these ceramic powders, donors for 
oxides of alkaline earth metals such as Mg, Ca, Sr and Ba, oxides of transition metals such as Mn, Co and Ni, oxides 
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material of the second embodiment can have a greater dielectric constant. 

[0177] The polymerized or cured product of the polyvinylbenzy] ether compound is a polymeric material having a 
low dielectric constant (typically e = about 2.6 at 2 GHz) and a low dissipation factor (typically tan5 = 0.01 to 0.0001 at 
2 GHz) in a high-frequency region as wed as improved insulating properties, heat resistance and low water absorption. 
[0178] Regarding the polymerized or cured product of polyvinylbenzyl ether compound (VB), commercially avaiiabie 
FR-4 and FR-5 (epoxy resin by Sumitomo Bakelite), BT resin (brsmaleimide resin by Mitsubishi Gas Chemical K.K.), 
and polyphenylene ether (PPE), Table 2 shows their moisture pickup (B5°C/RH 85% for 500 hours), glass transition 
temperature (Tg) by differential scanning calorimetry (DSC), and decomposition initiation temperature (Td) by thermo- 
gravimetry and differential thermal analysis (TG/DTA). 

Table 2 





Moisture pickup 


Tg 


Td 


VB 


0.07% 


192°C 


435°C 


FR-4 


0.67% 


135°C 


330°C 


FR-5 


0.17% 


140°C 


360°C 


BT resin 


0.32% 


195°C 


356°C 


PPE 


0.22% 


178°C 


366°C 



[0179] The dielectric ceramic material providing the dielectric ceramic powder used in the third embodiment should 
preferably have a dielectric constant (e) of at feast 1 0 and more preferably at least 20 at 2 GHz and a dissipation factor 
(tan5) of up to 0.01 at 2 GHz though not limited thereto. The upper limit of dielectric constant is usually about 1 0,000 
though not critical. The lower limit of dissipation factor is usually about 0.0001 though not critical. Preferred materials 
include titanium-barium-neodymi urn base ceramics, titanium-barium-tin base ceramics, lead-calcium base ceramics, 
titanium dioxide (Ti0 2 ) base ceramics, barium titanate base ceramics {including BaTi0 3 -BaZr0 3 , BaO-710 2 -Nd 2 O 3 
and BaO-Ti0 2 -Sn0 2 systems), lead titanate base ceramics, strontium titanate (SrTi0 3 ) baseceramics> calcium titanate 
(CaTi0 3 ) ceramics, bismuth titanate base ceramics, and magnesium titanate (MgTI0 3 ) base ceramics. Also included 
are CaW0 4 base ceramics, Ba(Mg,Nb)0 3 base ceramics, Ba(Mg,Ta)0 3 base ceramics, Ba(Co l Mg,Nb)0 3 base ce- 
ramics, and BafCo.Mg.Ta^ base ceramics. They may be used alone or in admixture of two or more. 
[0180] The titanium dioxide base ceramics include one consisting of titanium dioxide and those ceramics containing 
minor amounts of additives in addition to titanium dioxide, whilethey should maintain the crystalline structure of titanium 
dioxide. The same applies to the remaining ceramics. While the titanium dioxide is represented by Ti0 2 and has a 
variety of crystalline structures, those titanium dioxide species having the rutiie structure are used as the dielectric 
ceramic. 

[0181] For uniform dispersion and mixing and high loading, the dielectric ceramic powder or particles should prefer- 
ably have a mean particle size of 0.1 to 150 u.m, especially 0.5 to 100 um Too large a particle size may allow for 
substantial settlement in paste form and interfere with uniform dispersion and mixing. Too small a particle size corre- 
sponds to a greater surface area, which may obstruct high loading. 

[0182] (n the composite dielectric material of the third embodiment containing a polyvinylbenzyl ethercompound and 
a dielectric ceramic powder as main components, the content of dielectric ceramic powder is 10 to 65% by volume 
provided that the total of the polyvinylbenzyl ether compound and dielectric ceramic powder is 1 00% by volume. This 
range of dielectric ceramic powder content leads to a higher dielectric constant and ensures effective mixing and 
dispersion of the dielectric ceramic powder in the polyvinylbenzyl ether compound. In contrast, if the content of poly- 
vinylbenzyl ether compound is less than 35 vol% and the content of dielectric ceramic powder is more than 65 vol%, 
mixing and dispersion of the dielectric ceramic powder in the polyvinylbenzyl ethercompound becomes difficult. In 
preparing a prepreg, application to cloth base such as glass cloth becomes difficult. Even when press molding and 
application to cloth base such as glass cloth become possible by viscosity adjustment with a solvent, the prepreg 
becomes unbondable due to poor bond and brittle molded products. If the content of polyvinylbenzyl ethercompound 
is more than 90 vol% and the content of dielectric ceramic powder is less than 10 vol%, the resulting material has a 
dielectric constant of less than 4, failing to achieve the advantage of high dielectric constant. 
[0183] Any desired magnetic powder may be used in the fourth embodiment although ferrite or ferromagnetic metal 
powder is typically used. Examples of the ferrite are Mn-Mg-Zn, Ni-Zn, and Mn-Zn base systems, with the Mn-Mg-Zn 
and Ni-Zn base systems being preferred. 

[0184] Preferred ferromagnetic metals are iron carbonyl, Iron-silicon base alloys, iron-aluminum-silicon base alloys 
(trade name: Sendust), iron-nickel base alloys (trade name: Permalloy), and amorphous alloys including iron andcobalt 
base alloys. 

[0185] Means for dividing these materials into particles may be well-known techniques such as grinding and granu- 



17 



81- 



oj 09S BuipueisMijM p |8A©| isa; Bwddjp japps e pue wnwpceuj jb oas q l/Oo09S JO sapAo (9 jo g) |bj9A9s BwpuBjs 
-u,]jm p |9A3] eoue;sisej MO|pj b 'spjBoq jincuio pue sued ojuojpaia p aouBjsjsaj iBeu. eg; 01 pedsaj U.1J/VA [96K)] 

*seiiJedojd jo ps pojjsep 9ij} uo Bujpuadap eseqi Buolue apEuu 
aq Aelu 901040 y 'spjxo 9ua|AuaL|dApd paiEuiwojq puB 'auBpujiAuaqdiAqpLULij-oLuojqBpo 'g pueuds!qouJOjqBjp} 
'auazuaqomojqBxan 'suajAjsApd paiBWLUOjq '(jaLua aua[ALtau.douJOjq]p)Apd '(jaqpjAdojdaujojqip-e'sJssq-viouauds 
-jqoutoj qejp; 'au]ZB]Ji(Axo uaq dowojq! J}) su\ 1 (| AuaLjdipoLuojqBiLt9d)s! q-e uef Auja 1 (apj wi|BU,judoLuojqBJiai) siqaua | Au.j9 
'sjaujoBip Axoda v puaqdsjqoujojqBJia} 'euBgiafAxouaLjdoLUOjqutfsiq V puaudsjqoLUOjqBJia]. 'apjxo lAuaudipoujojq 
-Epo 'apjxo |AueLjd!pouiojqeoap apnpm spBpjBjaj awe|j dubluojb pajBUjuuojq apBims p seidiUBxa |BO!dA± Iteio] 

•saipadojd oupapjp pus aousisisaj os 
jB9q 10} pajjapjd Ai[B!09ds3 Bwaq siUBpjBjaj auiB|j ojjbiuojb peiBUjUiojq luim 'se^jedojd oupapjp p lUjodpuBjs em 
uiojj pajjapjd 9JB sjuEpjepj auiE|j. paiBuaBoiBg ei|i 'aseqi jo 'sjuepjBiaj awBLi oiubBjoui (9) pus 'sjuBpjBjaj 9lue|j 
|b;3lli pajBjpAu. (g) 'sjUBpjepj aujBfj jjbs |Bi9LU {p) 'siuepjBjaj auuBLi snouaBojjm fe) 'sjuepjepj awBij: sruoudsoud {z) 
f siUBpjej9J 9UJBII petBua6o|BL| (0 sapnpw paunpoqwe q;x|s at]i w pasn luspjBiaj atUBij adAi aAjippB aujL Ie6U0l 

■pjBpuejs no suji 10 g+ 

Bwibj o-A t'e-in ©Ml a>!1es o} jo aouBpjsjeJ 9UJB|iap|A0Jd o\ ijbj Abuj juejuoo pepjBjaj awBLi b |[bujs 001 popo ssaj 
e 01 pejjexa aq Abuj uisaj 9L|j jo satjjadojd leoupap A|[Epads9 'sajuadojd em 'juapoo pBpjBpj 9lub|J b 9Dje| 001 iv 
■U0UU6AU! aqi jo sjijauaq au.1 sajnsua aBuBJ sjm uiqij/vi luajuoo pspjepj ewei^ v UlBiaM Aq %og oj Qp $\ aiBudsoLjd 
p8iBuaBo|B4 p juajuoo pajjapjd auj^sr ibuj. *u.pp sse]B oj pai|ddB aq 01 a^sBd e \q a6Bjs aq;jB 006^00 1- <n 00 1 -00 1 wojj 
a6uej Abuj juepjBi9J 9WB|j oj punodiuoo J©qj9 |AzuaqiAu|AA|od jo ojjej jL|6i9Meu.i 'aiBqdsoqd peieuaBoiBq b sj ]UBpjBiaj 0 p 
buxbu 9J8q/w inqi qons paxjoi A|qEJ9j,9Jd 9JB jubpjb^j aujB|^ pus punodtuoo jqu.19 [AzuaqjAujAAjod am [261-0] 

e (J9 s H0— O— HOO)dO ^ 

OS 

■auo BuiMojpi em AjjEOfdA} 'saiBqdsoiid 
p9lBueBo|BL| eifl ©jb pajjejGjd Anepedsa -pojjapjd ojg sep|UJB ejeqdsoi[d pus s9jBqdsoL|d pa^BuaBoiBU, 'ese^ jo 
-apupAq ornuiujniB pub 9psxouj Auowuue sb 40ns soouBjsqns ojueBjoui pub £ sapiujB eieqdsoqd sb qons spunodwoo 
oiub6jo 'sujsaj Axode paiBUjiuojq pus seiBudsoqd pajBUeBoieq SB nons sappi] epnpui sjubpjbjsj bwbu AjB[duj9X3 
■joojd-9weu saiBJisqns Bujjapuaj ui pesn AnEuoijuaAuoo 9jb iiojqM siubpje;9j oujbu ;o A^euBA b uioj; pgioajas 9q Abuu & 
uojjU9AU! em 10 }uauj!poquj9 qyy e\\\ o\ fiuipjoooB amsqns juBpjBjaj aoiBj^ eqi U| pasn lUBpjejej eujB|j aqx [l-SkO] 
■soj^suepBjeqo ojiauBBiu uuojj 6u!PBJj©P 'AiwqBoiujad oj;9u6buj pajjsop em sptAOJd oj ||b^ Ablu 
luaiuoo japMod 0U9u6buj b hbljus 001 "Bejdejd jo ajBj^sqns b ujjo^ 01 'aouaq pue 6uiieoo jo^ Ajjnp b lluo^ oj unor^p 
1! 3>ibuj Abuj ;ua;uoo japMod 0|19uBblu b o6jb| 001 'uoiiubaui em P sifjauaq e\]\ sajnsuo aBuej sjqj u\m\M \uo\uqd 
japMod 0!;au6BUj y '1M6IOM Aq %06 01 OS s| Jap/wod ououBeuj p iuajuoo pajjajajd em 'sj iBqi "006:00 1- o\ 00 1.:00 1 wo^ os 
afiuej Abuj japMod o|19u6buj o; punadwoo J©qi9 |Azu9q|Au|AA|od p oiibj iu6i9m em 'i|pp ssb|B o; psjjddB aq 01 ajsBd 
b p aBets em ve \em uons pexjuu A|qBjapjd 9JB japMod 0jj9u6Biu pub punodtuoo J9gia |Azuaq|AujAApd am [o$LO] 
*U0!iB|nsu| uj paAOJdiU! 9JB ujojpjaqi paujjoj. sa;Bj;sqns asnsoaq uojiBpsui jajBajB 9ABU. uujo^inq uf japMod ojiauBELu 
aquB4J pajjapjd si )| 'OOO'OOO^ 01 01- jo Ti AijuqBauued ojieuBBUJ b sbm Atqejapjd japMod oijauBBUJ aqi [681.0] 

■uojjBOjfddB jB|nojjjBd b uo 6ujpuadap paujuuaiap aq Aejj japvwod gi 
oijauBetu p oijej 6uix!LU pub azis apijJBd 'adAj am -ojjbj pej[s©p Aub u| paxjw aq Ablu aiap/wvod ohouBbuj luajajjp 
goris 'uojinquisip azjs apiynd jo edA; us ja^p qojqw sjapMod ojiauBBLu 9Jooj jo oavi esn oj aiqeidaoos si j[ Is2l6\ 

■|B[JaiBLU 

BujjBinsuj oiug6jo p Bujjboo jo Bundnoo 'uouBpixo se luaiuiBajj u.ons 01 aoepns Mem uo papafqns aq Abuj sajo^sd 
0!jau6BW 'pajjsap ^| "uojiEojiddB jB|rtoijjBd b uo Bupuadap apsuu 9q Ablu aopqo v 'sadeqs ojidjip pub xe\± 'iBouaqds 01 
Bujpnpuj adsus pejpap Aub 9ABq Abuu sapivred oiieuBBUJ aqi -BuiAajs Aq pajo9|po s\ ez\s api^JBd ujjo^un b Bujabu, 
sepjiJBd p uoijobj^ b 'pajisap ^| "92|s spiiJBd p uojinqujsip uujo^un b sbu. japwod ojjeuBBLU am A|qBJapjd [LBlOi 

■lurl lo'O 

jnoqB si 9Zjs apiued p iiuiji J9M0| aqi 'azis neuis Apuuajp(9 ue p sapjUBd ojuj |efjajBUJ atijapiAjp o^no^p AneojPBJd 
si j[ aouis "aoBjjns ifloows b 9ABL| Ablu moj 's69Jdajd jo sajBJisqns ||BM-uim ojui pauuoj s\ saptjJBd aBjB] u.ons p g 
uoinsodujoo b ueqAA 'uojsjadsip Lujo^un aA3{L|0B oj Bus ijbj ' lluoj ajssd ui 9|U^ oi sapiUBd mo||b Ablu 9zjs ep|UBd b oBjb| 
001 "loaLia jeiieq b BujAaiqoB 'pasjadsip ApAipajia bjb aBuBJ siqi uj azjs b m\M sapi^Bd ojiauBB^ 'lutI og 01 l p azjs 
apijJBd UB9LU b pus lutI 00 L oi LO'O i° azisapijJBd b 9ABq A|qejepjd p[noqs sspiyed jo japModoipuBBLU au,i IssiOl 

"U0|1B| 



ZV69V£U I 63 



EP 1 113 459 A2 

350°C/several seconds (1 0 to 3 seconds) are required from the standpoint of bonding with lead-free solder. The flame 
retardant must be unsusceptible to decomposition in this temperature range. Preferred examples of the flame retardant 
satisfying this requirement include decabromodiphenyl oxide, tetrabromobisphenol A epoxy oligomers, ethylenebis 
(tetrabromophthalimide), ethylene-bis(pentabromodipheny I), tris(tribromophenoxy)triazine f tribromoneopentyl alcohol, 

5 brominated polystyrene, octabromotrimethyiphenylindane, and brominated polyphenylene oxide. 

[0196] The amount of the brominated aromatic flame retardant blended may be suitably determined so as to meet 
the desired degree of flame retardance, Usualiy an appropriate amount of the brominated aromatic flame retardant 
blended is about 5 to 70% by weight based on the polyvinylbenzyl ether compound. Outside the range, a less amount 
of the flame retardant may fail to achieve improvements In flame retardant and diefectric properties whereas a larger 

10 amount may detract from the good physical properties (e.g., flexural strength) of the polyvinylbenzyl ether compound 
in the cured state and invite a viscosity rise in forming a paste, making it difficult to form a paste. 
[0197] In the case of circuit boards, for example, the amount of the brominated aromatic ffame retardant blended is 
preferably set to 20 to 50% by weight in order to clear the V-1 or V-0 rating of the UL-94 burning test. 
[0198] If desired, a mixture of two or more of the above-mentioned flame retardants is used. 

15 [0199] Aflame retardant adjuvant may be used in combination with the flame retardant The flame retardant adjuvant 
used herein, which is sometimes classified in the grouping of flame retardants, is a substance which provides a syn- 
ergistic flame retardant effect when used in combination with a certain ffame retardant. In the preferred embodiment 
wherein the flame retardants are brominated aromatic flame retardants, the preferred flame retardant adjuvants used 
herein are those compounds classified in the grouping of inorganic flame retardants. Such inorganic flame retardants 

20 act as a dehydrating agent for the resin upon burning, contributing to carbide coating formation. Illustrative examples 
of the inorganic flame retardants are aluminum hydroxide, magnesium hydroxide; metal oxides such as silica, aluminum 
oxide, iron oxide, titanium oxide, manganese oxide, magnesium oxide, zirconium oxide, zinc oxide, molybdenum oxide, 
cobalt oxide, bismuth oxide, chromium oxide, tin oxide, antimony oxide, nickel oxide, copper oxide, and tungsten oxide; 
metal powders such as aluminum, iron, titanium, manganese, zinc, molybdenum, cobalt, bismuth, chromium, nickel, 

25 copper, tungsten, tin and antimony; zinc borate, zinc metaborate, barium metaborate, zinc carbonate, magnesium 
carbonate, calcium carbonate, and barium carbonate. 

[0200] Of these, antimony trioxide, aluminum hydroxide and magnesium hydroxide are suitable since they exert a 
greater synergistic effect when combined with the flame retardant. As the material that clears the above-mentioned 
heat resistance levels of reflow and solder dipping tests, antimony trioxide is best suited since it has high heat resistance 
50 duetoahigh melting point of 655°C, exerts a great synergistic flame retardant effect in cooperation with the brominated 
aromatic flame retardant, and satisfies insulating and other necessary properties. 
[0201] If desired, the flame retardant adjuvants are used in admixture of two or more. 

[0202] The inorganic flame retardant adjuvant is used in such amounts that the total amount of inorganic flame 
retardant adjuvant and brominated aromatic ffame retardant may be about 5 to 70% by weight based on the weight of 
55 the polyvinylbenzyl ether compound. A proper amount is determined in accordance with the desired degree of flame 
retardance. If the total amount is below the range, little improvements are made in ffame retardant and dielectric prop- 
erties. If the total amount is above the range, the good physical properties of the polyvinylbenzyl ether compound in 
the cured state are more or less lost and the step of milling into a paste becomes difficult. 

[0203] In the case of circuit boards, for example, the total amount of the flame retardant and flame retardant adjuvant 
40 is preferably set to 20 to 40% by weight in order to clear the V-1 or V-0 rating of the UL-94 burning test. 

[0204] The ratio of the inorganic ffame retardant to the polyvinylbenzyl ether compound blended is not critical and 
may be determined as appropriate for a particular purpose. Most often, this ratio is in the range from 5/95 to 95/5. 
[0205] The flame retardant adjuvant may be surface treated for the purposes of improving dispersibility and the 
interracial state with the polyvinylbenzyl ether compound. For example, silane compounds (e.g., chlorosilanes, alkox- 
45 ysilanes, organic functional silanes, and silazanes), titanate and aluminum coupling agents are used for surface treat- 
ment The surface treatment may be effected by dry, wet and integral blend methods, etc. A proper method may be 
selected in accordance with the desired properties and the step and installation required therefor. Any of such surface 
treatment methods may be conducted in a well-known manner. 

[0206] As compared with the additive type flame retardant used alone, the use of the additive type flame retardant 
so in combination with the flame retardant adjuvant enables to maintain the flame retardant effect unchanged even when 
the content of the polyvinylbenzyl ether compound in the inventive composition is increased. 
[0207] The dielectric ceramic material providing the dielectric ceramic powder used in the eighth embodimentshould 
preferably have a dielectric constant (e) of 10 to 20,000 at 2 GHz and a dissipation factor (tanS) of up to 0.05 at 2 GHz 
though not limited thereto. The lower limit of dissipation factor is usually about 0.0001 though not critical. Preferred 
55 materials include titanium-barium-neodymium base ceramics, titanium-barium-tin base ceramics, lead-calcium base 
ceramics, titanium dioxide (TT0 2 system) base ceramics, barium titanate base ceramics (including BaTi0 3 -BaZr0 3 , 
BaO-Ti0 2 -Nd 2 0 3 and BaO-Ti0 2 -Sn0 2 systems), lead titanate base ceramics, strontium titanate (SrTi0 3 ) base ceram- 
ics, calcium titanate (CaTi0 3 ) ceramics, bismuth titanate base ceramics, magnesium titanate (Mg710 3 ) base ceramics, 
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with stirring, the coupling agent is added to the blend directly, that is t without dilution. 

[0217] As a result of surface treatment with the coupling agent, dielectric particles are covered with a coating of the 
coupling agent. The partial presence of uncovered dielectric particles is acceptable. 

s [0218] The electronic part according to the ninth embodiment of the invention preferably includes at least one first 
composite dielectric layer in which a dielectric powder having a dielectric constant of 20 to 10,000 and a dissipation 
factor of 0,01 to 0,0001 is dispersed in a polyvinylbenzyl ether com pound such that the first composite dielectric layer 
as a whole may have a dielectric constant of 5 to 20 and a dissipation factor of 0.0025 to 0.0075. This construction 
provides an adequate dielectric constant and a high Q, and hence, a reduced transmission loss, and is especially 

10 suitable in forming electronic circuits such as balun (balanced-and-unbafanced) transformers, antennas and power 
amplifiers. 

[021 9] In another preferred embodiment, the electronic part includes at least one second composite dielectric fayer 
in whfch a dielectric powder having a dielectric constant of 20 to 10,000 and a dielectric dissipation factor of 0.01 to 
0.0001 is dispersed in the polyvinylbenzyl ether compound in an amount of 40 to 65% by volume such that the second 
is composite dielectric layer as a whole may have a dielectric constant of 10 to 40 and a dielectric dissipation factor of 
0.0075 to 0.025. This embodiment provides an adequate Q value and a high dielectric constant, and is suitable in 
forming such electronic circuits as capacitors, patch antennas, voltage controlled oscilfators (VCO) and power ampli- 
fiers. 

[0220] In a further preferred embodiment, the electronic part includes at least one composite magnetic layer in which 
20 a magnetic powder is dispersed in the polyvinylbenzyl ether compound in an amount of 25 to 65% by volume such 
that the composite magnetic layer as a whole may have a magnetic permeability of 3 to 20, This embodiment provides 
a low dielectric constant while keeping an adequate magnetic permeability, ailowing the part to be used in the high- 
frequency region of at least 100 MHz, and especially 1 00 MHz to 1 0 GHz. These features, combined with the content 
of magnetic powder which can be increased, enable use as electronic parts utilizing magnetic characteristics and 
25 magnetic shields for electronic parts. 

[0221] It is only required that at least one layer selected from the above-describes three types of constituent layers 
be Included. Any of these layers are properly combined in accordance with the construction and function of the intended 
electronic part. 

[0222] The ceramic powder used. herein, especially the ceramic powder in the first composite dielectric layer should 
30 have a high Q and a relatively high dielectric constant. It preferably has a dielectric constant of 20 to 10,000 and a 
dissipation factor of 0.01 to 0.0001 at 2 GHz, and further a Q of 250 to 50,000. This selection enables to obtain a 
composite dielectric material having a high Q and dielectric constant. 

[0223] The ceramic powder used herein may have a greater dielectric constant and Q in a high-frequency band than 
the resin serving as the dispersing medium. It is acceptable to use a mixture of two or more ceramic powders. The 
35 ceramic powder is contained in such amounts that the first composite dielectric layer as a whole may have a dielectric 
constant of 5 to 20 and a dissipation factor of 0.0025 to 0.0075. 

[0224] The ceramic powder used herein may be selected from those described in connection with the first embodi- 
ment. The preferred range, particle size and other parameters are also the same. 

[0225] In the first composite dielectric layer containing a resin resulting from a polyvinylbenzyl ether compound and 
40 the ceramic powder as main components, the content of ceramic powder is from 1 0% by volume to less than 70% by 
volume provided that the total of the resin and ceramic powder is 1 00% by volume. Preferably the content of ceramic 
powder is 20 to 60% by volume. A ceramic powder content of 70 vol% or more fails to form a consolidated body. Such 
a greater ceramic powder content can also result in a substantial lowering of Q as compared with the composition 
having no ceramic powder added. At a content of less than 1 0 vol%, the ceramic powder fails to exert its effect. 
45 [0226] By properfy selecting the respective components within the above range, the first composite dielectric layer 
can have a greater dielectric constant than that of the resin (resulting from a polyvinylbenzyl ether compound) alone, 
that is, have a dielectric constant as desired and a high Q. 

[0227] The ceramic powder used herein, especially the ceramic powder in the second composite dielectric layer 
should have a very high dielectric constant. The ceramic powder should preferably have a dielectric constant of 20 to 
so 10,000 and a dielectric dissipation factor of 0.01 to 0.0001 and further a Q of 250 to 50,000. By dispersing such ceramic 
powder in the resin (resulting from a polyvinylbenzyl ether compound), a composite dielectric material having a higher 
dielectric constant is obtainable, 

[0228] Any desired ceramic powder may be used in the second composite dielectric layer as long as the second 
composite dielectric layer in its entirety has a dielectric constant of 10 to 40 and a dielectric dissipation factor of 0.0075 
55 to 0.025 in the high-frequency region, especially at 2 GHz. It is acceptable to use two or more ceramic powders. The 
ceramic powder used herein may be selected from those described in connection with the second embodiment. The 
preferred range, particle size and other parameters are also the same. 

[0229] In the second composite dielectric layer containing a resin resulting from a polyvinylbenzyl ether compound 
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tering or electroless plating a metal or by applying a conductive resin paste. 

[0243] In preparing the composite dielectric material, it is preferred to mix the ceramic powderwith the polyvinylbenzyl 
ether compound before polymerization or curing although the ceramic powder can be mixed after polymerization or 
curing. However, mixing of the ceramic powder after complete curing is undesired. 

s [0244] Prepreg sheets are prepared by mixing the ceramic powder, magnetic powder and optional flame retardant 
with the polyvinylbenzyl ether compound in a predetermined blend ratio, and milling the ingredients in a solvent Into a 
slurry, followed by coating and drying to B stage. The solvent used herein for adjusting the viscosity of the paste for 
ease of coating is preferably a volatile solvent, especially a polar neutral solvent. Milling may be effected by well-known 
techniques such as ball milling and agitation. A prepreg sheet can be fabricated by coating the paste onto a metal foil 

10 or impregnating glass cloth with the paste. 

[0245] Drying of the prepreg sheet to B stage may be appropriately adjusted depending on the contents of ceramic 
powder, magnetic powder, and optional flame retardant. Typical drying conditions include 100 to 120°C and 0.5 to 3 
hours. After drying, the B stage prepreg sheet preferably has a thickness of about 50 to 300 u.m and can be adjusted 
to an optimum thickness depending on the intended application and required characteristics (including pattern width, 

to precision and dc resistance). 

[0246] The prepreg sheet can be fabricated by the method shown in FIGS. 94A to 94D or FIGS. 95A to 95D. The 
method of FIGS. 94A to 94D is rather suitable for mass manufacture whereas the method of FIGS, 95A to 95D is easy 
to control the film thickness and relatively easy to adjust the characteristics. In the method of FIGS. 94A to 94D, as 
shown in FIG. 94A, a glass cloth 2101a wound in roll form is unraveled from the roll 2101 a and carried into a coating 

20 tank 21 1 0 via a guide roiler 21 1 1 . The coating tank 2110 contains a slurry having the polyvinylbenzyl ether compound, 
ceramic powder, magnetic powder and optional flame retardant dispersed in a solvent. As the glass cloth passes 
through the coating tank 2110, it is immersed in the slurry so that it is coated with the slurry while interstices are filled 
therewith. 

[0247] Past the coating tank 211 0, the gtass cloth is carried into a drying furnace 2120 via guide rollers 2112a and 
25 2112b. In the drying furnace 2120, the resin-impregnated glass cloth is dried at a predetermined temperature for a 
predetermined time whereby it is B-staged. Afterturning around a guide roller 21 21 , the glass cloth is wound on a take- 
up roll 2130. 

[0248] The glass cloth is then cut into sections of a predetermined size. As shown in FIG. 94B t there is obtained a 
prepreg sheet having the glass cloth 2101 sandwiched between the layers 2102 of the resin containing the ceramic 

30 powder, magnetic powder and optional flame retardant. 

[0249] Then as shown in FIG. 94C, metal foils 2103 such as copper foils are placed on opposite surface of the 
prepreg sheet. Laminating press yields a double side metaf foil-clad substrate as shown in FIG. 94D. The laminating 
press conditions include a temperature of 1 00 to 200°C and a pressure of 9.8x1 0 5 to 7.84x1 0 e Pa (1 0 to 80 kgf/cm 2 ). 
Molding is done for about 0.5 to 20 hours under such conditions. Laminating press may be effected in plural stages 

35 under different conditions. Where the metal foils are not attached, the sandwich structure of prepreg sheet may be 
lamination pressed without placing metal foils thereon. 
[0250] Next, the method of FIGS. 95 A to 95 D is described. 

As shown in FIG. 95A, a slurry 21 02a having the polyvinylbenzyl ether compound, ceramic powder, magnetic powder 
and optional flame retardant dispersed in a solvent is coated onto a metal foil such as a copper foil by means of a 
40 cfoctor blade 2150 which can maintain a constant clearance. 

[0251] The coated foil is then cut into sections of a predetermined size. As shown in FIG. 95B, there is obtained a 
prepreg sheet in which the layer 21 02 of the resin containing the ceramic powder, magnetic powder and optional flame 
retardant is disposed on one surface of the metal foil 21 03. 

[0252] As shown in FIG. 95C, two such prepreg sheets (2102, 2103) are placed on opposite surfaces of a glass cloth 
45 21 01 such that the resin layers 21 02 face inside. Laminating press yields a double side metal foil-clad substrate as 
shown in FIG. 95D. The laminating press conditions may be the same as above. 

[0253] Besides the above-mentioned coating methods, the substrate or prepreg by which the electronic part is con- 
structed may be prepared by another method, for example, by milling the ingredients and molding the solid mixture. 
This method using the solid mixture is easy to provide a thickness and suitable for forming relatively thick substrates 
50 orprepregs. 

[0254] Milling must be effected above the meiting point of the polyvinylbenzyl ether compound. Note that most pol- 
yvinylbenzyl ether compounds have a melting point of about 50 to 150°C. Milling may be effected by well-known tech- 
niques using ball mills, agitators and kneaders. A solvent may be used during the milling, if necessary. The mixture 
may be pelietized or powdered, if necessary. 
55 [0255] The pelietized or powdered mixture is molded in a laminating press. The laminating press conditions include 
a temperature of 100 to 200°C, a time of 0.5 to 3 hours, and a pressure of 4,9x1 0 5 to 7.84x1 0 6 Pa (5 to 80 kgf/cm a ). 
[0256] The prepreg sheet thus obtained generally has a thickness of about 0.05 to 5 mm. The thickness of the prepreg 
sheet may be determined as appropriate depending on the desired plate thickness and the contents of dielectric powder 
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as shown in Tables 3 and 4, thoroughly milled in toluene and dried at 90 to 120°C for about 2 hours. This was ground 
into a powder of the ceramic powder and polyvinylbenzyl ether compound mixture, having a mean particle size of 50 
to 1 ,000 jxm. The powder was placed in a mold of 6.5 cm x 5 cm and cured at 120 to 200° C for 2 hours, obtaining the 
end composition. 

[0269] The ceramic powders used were MgTiOg (mean particle size 5 urn), Ba 2 (Ti,Sn)9O 20 base (mean particle size 
1 0 ujti), Bi 2 0 3 -BaO-Nd 2 0 3 -Ti0 2 base (mean particle size 5 u,m), CaTi0 3 (mean particle size 0.5 jim), and SrTi0 3 (mean 
particle size 0.5 u,m) powders. 

[0270J The polyvinylbenzyl ether compound (VB) used was of the formula (1) wherein R 1 is methyl, R 2 is benzyl, R 3 
is a mixture of hydrogen and vinylbenzyl in a molar ratio of 0:100, and n = 3. 

[0271] From each of the compositions, a rod sample of about 1 .0 mm square by about 6.5 mm long was formed and 
measured for dielectric constant at 2 GHz by the cavity resonator perturbation method using a test system 83620A/ 
8757C by Hewlett Packard. The Q of the sample was also determined. 

[0272] The denseness was evaluated by observing whether or not a few water droplets penetrated into a molded 
sample within about 1 minute after application. The sample into which water droplets did not readily penetrate was 
regarded to be consolidated, 
[0273] The results are shown in Tables 3 and 4. 
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55 [0297] For the application where a not so high dielectric constant and a high Q are required, the samples within the 
invention are equal in dielectric constant to the epoxy resin sample, but superior in Q due to the low dissipation factor 
of the base resin. The maintenance of a high Q at 1 GHz indicates the possible use in the high-frequency region. 
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EP1 113 459 A2 

(VB) and methyl ethyl ketone (MEK) was used as the solvent The content of the metal powder was 50% and 70% by 
weight based on the epoxy resin. Otherwise by the same procedure as in Example 4-2, a slurry was prepared. 
[0312] The slurry was applied onto an electrolytic copper foil of 35 urn thick by means of a doctor blade, and dried 
at 1 20*C for 20 minutes, obtaining a prepreg, The composite magnetic material coating had a thickness of 150 urn at 
s the end of drying. 

[0313] There was furnished a glass cloth having a thickness of 38 urn and a weight of 24.8 g/m 2 (cloth No. 1 06, by 
Arisawa Mfg. K.K,), The prepreg sheets were placed on opposite surfaces of the glass cloth such that the metal sides 
were outside, and lamination pressed under a pressure of 3.92x1 0 6 Pa (40 kgf/cm 2 ) at 1 1 0*C for 30 minutes, then at 
180°C for 60 minutes. There was obtained a double side metal foil-clad substrate having a thickness of 0.30 mm. 
10 [0314] The substrate was measured for magnetic permeability, dielectric constant at 100 MHz and frequency re- 
sponse of magnetic permeability, with the results shown in FIGS. 9, 10 and 11 . 

[0315] It is evident from FIGS. 9 to 11 that as compared with the ferrite powder sample in Example 4-1, the samples 
of Example 4-2 show a 30 to 45% reduction of dielectric constant. This is probably because the metal powder has a 
greater dielectric constant than ferrite and a flattened shape so that the dielectric constant manifests in a nearly series 
*5 connection manner In the composite material coating formed by means of a doctor blade or the like, metal particles 
are aligned in a direction, the proportion of the base resin becomes higher in the direction of alignment and its dielectric 
constant becomes more dominant. Therefore, at the same content, the use of metal powder gives a lower dielectric 
constant than the use of ferrite powder. 

20 Example 4-3: Ferrite composite magnetic material 

[0316] The magnetic powder used was Mn-Mg-Zn base ferrite powder having a magnetic permeability \x of 320 and 
a mean particle size of 3 um. The ferrite powder and a polyvinylbenzy) ether compound (VB) were dissolved in toluene 
and milled to form a slurry. The slurry was dried at 90°C for 1 5 hours, obtaining a mass of the mixture. It was ground 
25 in a pulverizer, obtaining a powder mixture of the magnetic powder and VB. The content of the ferrite powder was 65% 
and 80% by weight based on the VB. 

[0317] An amount of the mixture powder was placed in a mold and press molded at 120*C and 2.94x10 s Pa (30 kgf/ 
cm 2 ) for 30 minutes into a prepreg sheet of 1 mm thick. 

[0318] Copper foils of 18 |im thick were placed on opposite surfaces of the prepreg sheet, which was lamination 
30 pressed under a pressure of 3.43x1 0 6 Pa (35 kgf/cm a ) by step curing at 1 20*C for 30 minutes, 150°C for 30 minutes, 
then 1 80°C for 30 minutes, and finally at 200*C for 30 minutes. There was obtained a double side copper foil-clad 
substrate of 1 .02 mm thick. 

[0319] The samples thus obtained were measured for dielectric constant at 1 MHz, with the results shown In FIG. 12. 

35 Comparative Example 4-3 

[0320] In Example 4-3, a phenol novolac type epoxy resin was used instead of the polyvinylbenzyl ether compound 
(VB) and methyl ethyl ketone (MEK) was used as the solvent. The content of the ferrite powder was 65% and 80% by 
weight based on the epoxy resin. Otherwise by the same procedure as in Example 4-3, a mixture powder was prepared. 
40 [0321] An amount of the mixture powder was placed in a mold and lamination pressed at 120°C and 2.94x1 0 6 Pa 
(30 kgf/cm 2 ) for 30 minutes into a prepreg sheet of 1 mm thick. 

[0322] Copper foils of 18 urn thick were placed on opposite surfaces of the prepreg sheet, which was lamination 
pressed under a pressure of 3.43x1 0 & Pa (35 kgf/cm 2 ) by step curing at 1 20°C for 30 minutes, 1 50°C for 30 minutes, 
then 180°C for 30 minutes, and finally at 200°C for 30 minutes. There was obtained a double side copper foii-clad 

45 substrate of 1 .02 mm thick. 

[0323] The samples thus obtained were measured for dielectric constant at 1 MHz, with the resufts shown in FIG. 12. 
[0324] It is seen from FIG. 12 that as compared with the epoxy resin samples, the inventive samples show a 20 to 
25% reduction of dielectric constant, probably because of the dielectric constant of the base resin. As in Example 4-1 , 
the samples of Example 4-3 and Comparative Example 4-3 were also measured for magnetic properties, obtaining 

so approximately the same results as in Example 4-1 and Comparative Example 4-1 . 

Example 4-4: Coil using ferrite composite magnetic material 

[0325] Using the samples (double side copper foii-clad substrates) prepared in Example 4-1 and Comparative Ex- 
55 ample 4-1 , a 3.2x1 .6 mm array of four juxtaposed coils was fabricated to a configuration as shown in FIGS. 13A to 13 
C. FIG. 13A is a pian view, FIG. 13B is a rear view, and FIG. 13C is a plan view after resin coating. In FIGS. 13Ato 
13C, a printed pattern 92 is formed on a substrate body 91 and coated with a base resin 93. 

[0326] After a double side patterned substrate was formed, a paste of the composite magnetic material containing 
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was further lamination pressed under a pressure of 2.94x10 6 Pa (30 kgf/cm 2 ) by step curing at 11 0*C for 30 minutes 
and at 180°C for 30 minutes, obtaining a flame retardant substrate of 1 .6 mm thick. 

[0336] The thus obtained substrate samples were tested, in a flame retardant test, a specimen of 127 mm x 12.7 
mm x 1 .6 mm thick was cut out of each substrate and tested in accordance with the UL-94 standard. After a PCT at 
121°C and 2 atm. for 50 hours, a volume resistivity was measured in accordance with JIS C-6481. As to electric 
properties, a specimen of 1 00 mm x 1 .5 mm x 1 .6 mm thick was cut out of each substrate and measured for dielectric 
constant (e) and dissipation factor at 1 GHz by the perturbation method, from which a Q vafue was computed. The 
results are shown in Table 10. 
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Table 10 



Sample No, 


Flame retardant (wt%) 


UL-94 


e 


Q 


Volume resistivity (Q-cm) 


511* 


0* 


HB 


2.65 


260 


1014 


512* 


10* 


HB 


2.67 


261 


1014 


513* 


20* 


HB 


2.66 


259 


101+ 


514* 


30* 


HB 


2.72 


260 


101+ 


515 


40 


V-0 


2.B1 


257 


1014 


516 


50 


V-0 


2.86 


262 


10 1 4 


517 


60 


V-0 


2.91 


241 


1013 


518* 


70* 


V-0 


2.99 


198 


107 



HB: clears HB, but not V-0 of UL-94. 
V0: clears V-0 of UL-94 

[0337] The asterisk (*) indicates outside the range of the invention or the preferred range of the invention. 
[0338] As seen from Table 10, those samples containing 30% by weight or less of the flame retardant fail to satisfy 
the UL-94 V-0 rating. Those samples containing at least 40% by weight of the flame retardant satisfy the UL-94 V-0 
rating, but the sample containing 70% by weight of the flame retardant shows an extreme drop of volume resistivity in 
the PCT test As compared with the sample on glass cloth in Example 5-1 , the samples of this example have a somewhat 
lower dielectric constant and a somewhat higher Q value. This is because the electrical properties of glass cloth have 
an influence on the prepreg. 



Example 6-1 
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[0339] In a common vessel, 55 g of a polyvinylbenzyl ether compound and 45 g of toluene were agitated until the 
compound was completely dissolved, obtaining a solution containing 55% by weight of solids. The polyvinylbenzyl 
ether compound (VB) used was of the formula (1) wherein R 1 is methyl t R 2 is a mixture of C^ 0 alkyl groups (inclusive 
of aralkyl groups such as benzyl), R 3 is a mixture of hydrogen and vinylbenzyl in a molar ratio of 0:100, and n = 3. 
[0340] A slurry was prepared by mixing the 55% solution, an additive type flame retardant and a flame retardant 
adjuvant in a formulation as shown in Table 11 1 and agitating them until a uniform dispersion free of agglomeration was 
obtained, 

[0341] Specifically, a slurry corresponding to sample No. 602 was prepared by mixing 100 g of a 55 wt% toluene 
solution of the polyvinylbenzyl ether compound with 1 3.75 g of addjtive type flame retardant Cytech BT-93 (ethylenebis 
(tetrabromophthalimide), by Albemare). Glass cloth (Type 1080, Asahi Schwebel K.K.) was coated and impregnated 
with the slurry, which was cured at 110°C for 2 hours, obtaining a glass cloth-embedded prepreg of 100 p.m thick. A 
substrate was formed by stacking ten prepreg sheets and lamination pressing the stack. The laminating press under 
a pressure of 300 MPa included four consecutive stages of 120°C for 30 minutes, 150°C for 30 minutes, 1 80°C for 30 
minutes, and 200°C for 30 minutes. The resulting glass cloth -embedded laminate was 800 u.m thick. 
[0342] In this way, sample Nos. 601 to 61 6 were obtained as shown in Tables 11 and 12. Note that sample No. 601 
was a glass cloth-embedded laminate free of the flame retardant. 

[0343] These laminate samples were tested as follows after they were cut to the shape prescribed in each test. The 
results are shown in Tables 11 and 12. The dielectric constant and Q value are also shown in Tables 13 and 14 and 
FIGS. 15 and 16. 



55 



\) UL-94 Burning test 

[0344] According to the test procedure set forth in Underwriters' Laboratories, Inc, Bulletin 94, Burning Test for Clas- 
sifying Materials (referred to as UL-94), a specimen of 127 mm x 12.7 mm x 0.8 mm (1/32 inch) thick was tested by 
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Table 13 



10 



25 



Sample No 


Dielectric constant 




2GHz 


5GHz 


10GHz 


601 (comparison) 


3.33 


3.31 


3,12 


604 (preferred) 


3.43 


3,41 


3.26 


608 (preferred) 


3.44 


3,41 


3.25 


611 (preferred) 


3.43 


3.39 


3,21 


613 


3.87 


3.7 


3.4 


614 


3.75 


3.68 


3.34 


616 


3,45 


3.3B 


3.19 


Table 14 


Sample No. 


Q 




2GHz 


5GHZ 


10GHz 


601 (comparison) 


220 


183 


163 


604 (preferred) 


252 


210 


190 


608 (preferred) 


242 


200 


180 


611 (preferred) 


245 


199 


181 


613 


218 


175 


158 


614 


152 


128 


115 


616 


210 


174 


157 



[0353] As seen from Tables 1 1 and 1 2, the addition of the additive type flame retardant achieves an improvement in 

30 flame retardant level. Sample Nos. 606 and 610 have the same HB rating as comparative sample No. 601, but a 
reduced burning time, indicating an apparent improvement. In these samples, the amounts of flame retardant and 
flame retardant adjuvant added are relatively small. By controlling these amounts, a shift to the V-1 or V-0 rating is 
possible. Particularly when the brominated aromatic flame retardant on which the invention places a favor is used, the 
resin can be flame retarded without detracting from dielectric properties. Other properties including mechanical prop- 

35 erties, thermal properties and corrosion are satisfactory as well. 

[0354] More specifically, in the flame retardant test, the brominated aromatic flame retardant can achieve flame 
retardance to the UL-94 V-1 rating at a content of 20 wt% and to the UL-94 V-0 rating at a content of 30 wt%, both at 
the thickness of 0.8 mm (1/32 inch). The combination of the brominated aromatic flame retardant with the antimony 
trioxide flame retardant adjuvant can achieve flame retardance to the UL-94 V-1 rating at a content of 20 wt% and to 

40 the UL-94 V-0 rating at a content of 23 wt%, both at the thickness of 0,8 mm (1/32 inch). 

[0355] With respecttothe high-frequency response of diefectric properties, as compared with the non-flame-retarded 
polyvinylbenzyl ether compound (sample No. 601), the flame retardant formulations based on the brominated aromatic 
flame retardant and the brominated aromatic flame retardant/antimony trioxide flame retardant adjuvant combination 
show an improvement of 1 0 to 15% in Q over the high-frequency region of 2 to 10 GHz (see Table 14 and FIG. 1 6), 

45 Their dielectric constant is little increased as compared with the non-flame-retarded polyvinylbenzyl ether compound 
(sample No. 601) (see Table 13 and FIG. 15). The flame retardant formulations based on other flame retardants some- 
times develop a phenomenon of increasing dielectric constant or lowering Q, which is undesirable as compared with 
the brominated aromatic flame retardant. Consequently, the formulations based on the brominated aromatic flame 
retardant achieve flame retardance without degradation of dielectric properties or rather with an improvement in Q and 

so are thus suited as the high-frequency material. 

[0356] With respect to the thermal properties, as compared with the non-flame-retarded polyvinylbenzyl ether com- 
pound (sample No, 601), the flame retardant formulations based on the brominated aromatic flame retardant and the 
brom inated aromatic flame retardant/antimony tri oxide flame retardant adjuvant combin ati on s h ow a low decomposition 
initiation temperature. This low decomposition temperature, however, is rather effective because in practice, decom- 

55 position must start at a lower temperature than the base resin in order to achieve effective flame retardance, 

[0357] However, the use of the brominated aromatic flame retardant is advantageous because it does not decompose 
up to a higher temperature than other flame retardants and clears the heat resistance level (of withstanding several 
seconds at 260 to 350°C) which is required for electronic parts and wiring boards. 
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[0369] As compared with the cured product (sample No. 705) obtained using the polyvinyfbenzyl ether compound 



45 



SP 







Z'L 




(6) OZeS-ISllueBB BundnoQ 








Z'L 


(B) £LL8-~IS± JU9DB 6uj|dnoo 










(6) japMod ouioepjp 


L9S 


L9S 


k9G 


1.96 


essq 0 5 PN- s OLL~0^a 


St? 


1 SP 


9P 


9P 


(6) euan|ojL 


99 


99 


99 


99 


(6) QA 




: £08 


S08 


1.08 


■on ejdujBS 



ZZ oi L\ "SOId uj umous ejB san|EA iBijjUj jjeiji woj; D PUB (3) lUBisuoooupejajp ±0 'sjuaaied Uj pessajdxa 'DV pub 3v 
saBuBqo "uojitsodujooaiiiinjMjaqiaBoigL a|qBj_ui umous ajB o pub (3)iuBisuooo|.qoefe!p jo sen|BA|B!i!W em [6Z£0] 

Oo09S jo ejniBjedwei uuniufXEW b ib sapAo MO|jej si. jo e r 9 '£ (e 

■-jmqz* 'Oo9Z!. 

■J4 009 r %98 Hd f Oo98 U 

•pawaueiep ajaM san|BA |Bjimj jislij luojj, o P ue iubjsuoo op 
oujoapip jo soBuBtjo -suojijpuoo pjuunuj jo jou. 10 sjes eejift 6uimo||oi. eqi japun psBe ajaM secures euj_ [8Z£0] 

•peindiuoo sbm en|BA O B uoium uuojj. 'poqiaLu uoiiBcunijad auj Aq zhE) Z 
jo Aouanbajj. b ie (qu&\) joiobj uojiBdjssip pue (3) }ubisuoo oujoa|ajp joj pejnsB9iu pub mo ino sbm >P!U.i lulu fo x lulu 
ZO x ww 06 jo uetupeds b >08 oi 1-08 'son 'se|dujBS sibuiwbi peppeqwe-qiop ssb|6 asei|i jo upea luojj [zzeol 

■pesn sbm jue6B 6uj|dnoo eqj. LfltM pajBa.ii. eoejjns se 
uaaq ;ou pEi| qoiuM JapMod oujoejajp em jem jdeoxe |.08 on ajdiUBS sbm sb paJBdajd sbm t?08 *on ajduues [9Z£Q] 

■QSa P UB Ol *q pezA|EUE se QoOSS 01 033 inoqe 10 
9jniBJ9dLuaj uojjBpjUj sjsApjAd b psu, juoBb Bujjdnoo em '(">f'>l oiouk>U![v Aq) ggj7-ti>i loeujBicf jueJSB Bundnoo 91BUBJJJ 
b o\ peBuBLjo sbm iua6e 6u||dnoo 9m ^buj; ;daoxe L08 on e|dwBS sbm sb pajEdajd sbm eog on ajdiuEs [szco] 

'OSO PUB 01 Aq pezA[BUB sb Oo098 o\ qqz jnoqs jo ejniBjedwei, uojjBjijui s[sA|ojAd b psq jueBB Bujjdnoo em oe 
'(•>{'>| auoojiis BqjLisoiAq 9UB|!sAxoqiauJ!Ji|AdojdAxo|AjoBL^auj-A) 0ZS8-1SJL JueBe Bundnoo euB||s lEuojjounjomEBjo 
ub oj paBusuo sbm juoBb 6uj|dnoo ai^i jbl|1 jdeoxe [.08 'ON e|diUBS sbm sb paJBdajd sbm ZOQ '°N aidtuss [pltol 

'LOS'ON 

aidujBs pajBu6|sep si S!L|i >|0!MJ Lurf OOP sbm aiBUjLUB| peppequue-moio ssb|6 6u|;]nsaj aLjj. -sunoti 5*9 joi. o*08|. pub 
'sainujLU os Jo^Q o 09t 'samuiiu oe jof q o 0S I jo ssBbis eAjjnoesuoo eejiji papripuj BdW 00S 10 ejnssgjd b japun ssajd 9Z 
BujiBUjLUBj am ->[OBis am 6ujssajd uojjEUiuJBi pue sjaaqs fiajdajd jnoj, Bu^obis Aq paLLUOi seM a;sjisqns v [CZCOl 

lutI 001- jo Bajdajd 

pappaquja-Liiop ssb|B b Buju^qo '$jnoL| z JOJ Q o 0 \ I \v pajno-ejd sbm qo^M 'Ajjmis aqj LjjjM poiBuBajduji pUB peieoo 
sbm (->i->| ]aq9MLios Wesv r LU^ OS ssau^oiqi '080L sclAi) ujop ssbiq -uojsjadsjp qBnojoq^ ujun ejnixjLU aqi BujjBijBB 
puB r uojin|os qa 9L I1 °1 JapMod ouiosieip pejBajj eoBjjns aqi ^o 6 Z'Q9V BujppB Aq paJBdajd sbm Ajjn|s v [zzeol os 

*£ = u pUB '00^0 jo ojiBJ jb|olu b ui |Azuaq|Au!A pub uafiojpAq j,o ejnixioi b sj € y '(jAzuaq sb ipns sdnojB jA>ubjb 10 
eAjsnpui) sdnojB |A>j|B 0^0 ;o ajnixiuu b sj s y 'lAqjouj sj >y ujejeqM ({.) einujjoi aLiyo sbm pesn (qa) punoduoo jaqia 
|Azuaq|Au[AA]od am spjios j.o mSjeM Aq %gg Bujwbiuoo uoimios e 6u|uiBiqo 'paApssjp Ajeiaidiuoo sbm punodiuoo 
eqi |jiun peiBijBB ejeM auan|oj B qp puB punodmoo jai^a |Azueq|AujAA|od b ^o 6 59 '|ass9A uoluluoo b u| [UGO] 

"OSO Pub (ojj AJieLUiABjBouJjam Aq pazA|Bue SB Oo0 1-9 st 
oi 091? inoqs p ejniBjadiuai uojiBjjjui sisA|0jAd b pBq liiaBE Bu[|dnoo am - sjnoq 9 l jo^ q c o l l ie peup pub poiBJBdas 
sbm JapMod ojjiaaieip em 'jnou. l Jo^ pubis 01 paM0j|E sbm uojsjadsjp eqi 'jrtou. 1 joj pgiBijBB sbm qoiqM uojsjadsip 
eqi 01 peppB sbm ( - >i*>f auoojijg Bqsnsoi Aq auBijsAxoqiawuijALueui) GU8-~IS± iueBs Buj|dnoo auB|isAxo>j|B ub 10 6 8 
uam 'JoieuBb ue Aq pajBiiBB ejeM siuejuoo am '(tUTi e*0 a^|s apiJJBd usaui 'ZZOOO'O = (ZHO Z) guei '96 = (?H9 Z) 3 
'oiiiiBjeo aseq 0 5 PN- s OLL"0^a) JapMod oujoajejp B jo 6 oot? pappB sbm |assaA Jajjj- l e u\ jsibm jo 6 009 01 [OZGO] ot 

I. -8 9|dLUBX3 

'O sb 40ns sajijedojd ouioa|aip 
GujAOJdLUj uj aAfjoa^a sj a|qn|os t]9M Sj punodoioo aqi qosqM u[ iuaA|os aqi qjjM punodtuoo jaqia |Azuaq|AuiAA]od aqi \o § 
juaujiBeJj, eqi '©J0j;9JaL|x "GOZ 01 iql 'son ajduuEs usqj o J3M0| b SMoqs a]qn|os Amnorjjjp si punodtuoo aqi upjUM u; 
;u9A[os eqi u.J!M paiBaj* punodujoo jetfte |Azuaq|Au!AA|od am Bujsn paujEiqo (i?0Z 'ON aiduiBs) lonpojd pajno aqi, r puBL| 
jau.10 am uo '%CZ 01 G9 inoqB jo D Lij esBajouj ub mous eiqnjos |jaM si punodiuoo aqi qomM uj ;ueA|os ei|i qjiM peiBaJi 
punodtuoo jeifle |Azuaq|AujAA|od em Buisn paujBiqo (eoz o* LOZ 'son e|dujBs) spnpojd pajno eqj 'paziseqjuAs sb 



EP1 113 459 A2 

Table 16 (continued) 
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Sampfe No, 
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804 


Coupling agent KR-46B (g) 
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e @2GHz 
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Q @2GHz 


359 


300 
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TSL-8113: alkoxysilane coupling agent, methyltrimethoxysilane, Toshiba Silicone K.K. 

TSL-8370: organic functional silane coupling agent, y-methacryfoxypropyltrimethoxysilane, Toshiba Silicone K.K. 
KB-46B: titanate coupling agent Plainact KR-46B, Ajinomoto K.K. 

[0380] It is evident from Table 1 6 that as compared with the sample using the untreated dielectric powder, the samples 
using the dielectric powder surface treated with a coupling agent experience little changes of e and Q during aging 
under 125°C (high temperature holding) and 85*C/RH 85% (steady humid holding). Especially when the alkoxysilane 
and organofunctional silane coupling agents having a pyrolysis initiation temperature of at least 250 Q C are used, the 
changes of £ and Q can be advantageously suppressed not only under the above two sets of conditions, but also under 
the reflow conditions. When the titanate coupling agent is used, little changes of z and Q occur during the 85°C/RH 
85% aging, suggesting that the titanate coupling agent is effective under such conditions. Therefore, a choice among 
different coupling agents is made in accordance with the intended aging conditions. 

Example 8-2 

[0381] A glass cloth-embedded laminate, sample No. 821 , was prepared as was sample No. 802 except that additive 
type flame retardant Cytech BT-93 (ethylenebis(tetrabromo-phthalimide), by Albemare) was added to the toluene so- 
lution of the polyvinylbenzyl ether compound. The amount of additive type flame retardant added was 20% by weight 
based on the polyvinylbenzyf ether compound. 

[0382] A specimen of 1 27 mm x 12,7 mm x 0.8 mm of this sample No. 821 was subjected to the UL-94 burning test. 
It was classified in the V-0 rating, indicating good flame retardance. No loss of dielectric properties by flame retarding 
was found. 

Example 8-3 

[0383] A glass cloth-embedded laminate, sample No. 822, was prepared as was sample No. 802 except that instead 
of the toluene solution of the polyvinylbenzyl ether compound, a 55 wt% toluene solution of a polyvinylbenzyl ether 
compound of reactive type flame retardant tetrabromobisphenol-A was used, and 30 wt% of a polyvinylbenzyl ether 
compound of tetrabromobisphenol-A with 0.3 wt% of phenothiazine (polymerization inhibitor) added was used. It is 
noted that the polyvinylbenzyl ether compound of tetrabromobisphenol-A was obtained from tetrabromobisphenol-A 
and vinylbenzyl chloride (m-/p-isomers 50/50 weight ratio mixture by Seimi Chemical K.K.). 

[0384] A specimen of 127 mm x 12.7 mm x 0.8 mm of this sample No. 822 was subjected to the UL-94 burning test. 
It was classified in the V-0 rating, indicating good flame retardance. No loss of dielectric properties by flame retarding 
was found. 

Example 9-1 

[0385] FIGS. 23 and 24 illustrate an inductor according to a further embodiment of the invention. FIG. 23 is a see- 
through perspective view and FIG. 24 is a cross-sectional view. 

[0386] In FJGS. 23 and 24, the inductor 10 includes constituent layers (prepregs orsubstrates) 1 0ato 1 0e containing 
the inventive resin, internal conductors (coil patterns) 13 formed on the constituent layers lObto 10e, and via holes 14 
for providing electrical connection to the internal conductors 13. Via holes 14can be formed by drilling, laser machining, 
etching or the like. The ends of each coil formed are connected to through-vias 12 formed along end surfaces of the 
inductor 10 and land patterns 11 formed slightly above or below the through-vias 12. Through-via 12 has a half-cut 
structure by dicing or V-cutting. This is because a plurality of devices are formed in a collective substrate which is 
eventually cut into discrete chips along lines at the centers of through-vias 12. 

[0387] The constituent layers 10a to 10eof the inductor 10 should preferably have a dielectric constant of 2.6 to 3.5 
because the distributed capacitance must be minimized for the potential application as a high-frequency chip inductor. 
Use of the above-mentioned organic dielectric layers is thus preferred. Separately, for an inductor constructing a res- 
onance circuit, the distributed capacitance is sometimes positively utilized. In such application, the constituent layers 
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[0400] The equivalent circuit is shown in FIG. 36A, As shown in FIG, 36A, an electronic part (capacitor) having a 
capacitance 32 is illustrated in the equivalent circuit. 

Example 9-7 

5 

[0401] FIG, 35 is a see-through perspective view of a capacitor according to a further embodiment of the invention, 
[0402] In this example, the single capacitor in Example 9-6 is changed to an array of four juxtaposed capacitors. 
When capacitors are formed in an array, it sometimes occurs to provide different capacitances at a high precision. To 
this end, the above-mentioned ranges of dielectric constant and dielectric dissipation factor are preferable. The re- 
10 maining components are the same as in Example 9-6. The same components are designated by like numerals and 
their description is omitted. The equivalent circuit is shown in FIG. 36B. As shown in FIG. 36B, an electronic part 
(capacitor array) having four capacitors 32a to 32d is illustrated in the equivalent circuit. 

Example 9-8 

15 

[0403] FIGS. 37 to 40 illustrate a balun transformer according to a further embodiment of the invention. FIG. 37 is a 
see-through perspective view, FIG, 38 is a cross-sectional view, FIG. 39 is an exploded plan view of respective con- 
stituent layers, and FIG. 40 is an equivalent circuit diagram. 

[0404] In FIGS. 37 to 40, the balun transformer 40 includes a stack of constituent layers 40a to 400, internal GND 
20 conductors 45 disposed above, below and intermediate the stack, and internal conductors 43 formed between the 
internal GND conductors 46. The internal conductors 43 are spiral conductor sections 43 having a length of Xg/4 which 
are connected by via holes 44 so as to construct coupling lines 53a to 53d as shown in the equivalent circuit of FIG. 40. 
[0405] The constituent layers 40a to 400 of the balun transformer 40 should preferably have a dielectric constant of 
2.6 to 40 and a dielectric dissipation factor (tan§) of 0.0075 to 0.025. Then a choice may be made among the above- 
25 mentioned organic dielectric layers or the above-mentioned first and second composite dielectric layers. In some ap- 
plications wherein a magnetic permeability of 3 to 20 is appropriate, use of the above-mentioned composite magnetic 
layers is preferred. The respective constituent layers may be identical or different and an optimum combination thereof 
maybe selected. 

30 Example 9-9 

[0406] FIGS. 41 to 44 illustrate a multilayer filter according to a further embodiment of the invention. FIG. 41 is a 
perspective view, FIG, 42 is an exploded perspective view, FIG. 43 is an equivalent circuit diagram, and FIG. 44 Is a 
transmission diagram. The multilayer filter is constructed as having two poles. 

35 [0407] In FIGS. 41 to 44, the multilayer filter 60 includes a stack of constituent layers 60a to 60e, a pair of strip lines 
68 and a pair of capacitor conductors 67 both disposed approximately at the center of the stack. The capacitor con- 
ductors 67 are formed on a lower constituent layer group 60d f and the strip lines 68 are formed on a constituent layer 
60c thereon. GND conductors 65 are formed on upper and lower end surfaces of the constituent layers 60a to 60e so 
that the strip lines 68 andcapacitorconductors67 are interleaved therebetween. The strip lines 68, capacitorconductors 

40 67 and GND conductors 65 are connected to end electrodes (external terminals) 62 formed on end sides and land 
patterns 61 formed slightly above or below the end electrodes 62. GND patterns 66 which are formed on opposite 
sides and slightly above or below therefrom are connected to GND conductors 65. 

[0408] The strip lines 68 are strip lines 74a, 74b having a length of \g/4 or shorter as shown in the equivalent circuit 
of FIG. 43. Each capacitor conductor 67 constitutes an Input or output coupling capacitance Ci. The strip lines 74a and 

45 74b are coupled by a coupling capacitance Cm and a coupling coefficient M. Such an equivalent circuit indicates the 
implementation of a multilayer filter having transmission characteristics of the two pole type as shown in FIG. 44. 
[0409] The multilayer filter 60 exhibits desired transmission characteristics in a frequency band of several hundreds 
of megahertz to several gigahertz when the constituent layers 60a to 60e have a dielectric constant of 2.6 to 40. It Is 
desired to minimize the material loss of the strip line resonator, and hence, setting a dielectric dissipation factor (tan5) 

50 in the range of 0.0025 to 0.0075 is preferable. Then a choice may be made among the above-mentioned organic 
dielectric layers or the above-mentioned first and second composite dielectric layers. The respective constituent layers 
may be identical or different and an optimum combination thereof may be selected. 

Example 9-1 0 

55 

[0410] FIGS. 45 to 48 illustrate a multilayer filter according to a further embodiment of the invention. FIG. 45 is a 
perspective view, FIG. 46 is an exploded perspective view, FIG. 47 is an equivalent circuit diagram, and FIG. 48 is a 
transmission diagram. The multilayer filter is constructed as having four poles. 
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enables to form an inductor having a minimized material loss and a high Q value, leading to a high performance coupler. 
Then a choice may be made among the above-mentioned organic dielectric layers or the above-mentioned first and 
second composite dielectric layers. The respective constituent layers may be identical or different and an optimum 
combination thereof may be selected. 

5 

Example 9-13 

[0421] FIGS. 60 to 62 illustrate an antenna according to a further embodiment of the invention. FIG. 60 is a see- 
through perspective view, FIG. 61 A is a plan view, FIG. 61 B is a cross-sectional elevational view, FIG. 61 C is a cross- 

io sectional end view, and FIG. 62 is an exploded perspective view of respective constituent layers. 

[0422] In FIGS, 60 to 62, the antenna 130 includes a stack of constituent layers (prepregs or substrates) 130a to 
130c containing the inventive resin, and internal conductors (antenna patterns) 133 formed on constituent layers 130b 
and 130c. Ends of the internal conductors 133 are connected to through-vias 132 formed at end sides of the antenna 
and land patterns 131 formed slightly above and below the through-vias 132. In this example, the internal conductor 

*5 133 is constructed as a reactance element having a length of about Xg/4 at the operating frequency and formed in a 
meander fashion. 

[0423] Where a wideband is to be realized, the constituent layers 130a to 130c of the antenna 130 should preferably 
have a minimized dielectric constant. For size reduction, on the other hand, a higher dielectric constant is desirable. 
Therefore, depending on the intended application, required performance and specifications, a material having an ap- 

20 propriate dielectric constant may be used. In most cases, a dielectric constant in the range of 2.6 to 40 and a dielectric 
dissipation factor (tan5) of 0.0075 to 0.025 are preferable. Then a choice may be made among the above-mentioned 
organic dielectric layers or the above-mentioned first and second composite dielectric layers. This choice enables to 
spread the frequency range and increase the precision of formation. It is also necessary to minimize the material loss. 
By setting a dielectric dissipation factor (tan5) of 0.0025 to 0.0075, an antenna having a minimum material loss is 

25 achievable. In another application, it is preferable to have a magnetic permeability of 3 to 20, and a choice may be 
made of the above-mentioned composite magnetic layers. The respective constituent layers may be identical or dif- 
ferent and an optimum combination thereof may be selected. 

Example 9-14 

30 

[0424] FIGS. 63 and 64 illustrate an antenna according to a further embodiment of the invention. FIG. 63 is a see- 
through perspective view, and FIG. 64 is an exploded perspective view of respective constituent layers. The antenna 
in this example is constructed as an antenna having a helical internal electrode. 

[0425] In FIGS. 63 and 64, the antenna 140 includes a stack of constituent layers (prepregs or substrates) 140a to 
35 I40ccontainingtheinventive resin, and internal conductors (antenna patterns) 143a, 143b formed on constituent layers 
140b and 140c. The upper and lower internal conductors 143a and 143b are connected by via holes 144 to form a 
helical inductance device. The remaining components are the same as in Example 9-13. The same components are 
designated by like numerals and their description is omitted. 

40 Example 9-15 

[0426] FIGS. 65 and 66 illustrate a patch antenna according to a further embodiment of the invention. FIG. 65 is a 
see-through perspective view, and FIG. 66 is a cross-sectional view. 

[0427] In FIGS. 65 and 66, the patch antenna 150 includes a constituent layer (prepreg or substrate) 150a of the 
45 inventive composite resin, a patch conductor (antenna pattern) 1 59 formed on the top of constituent layer 150a, and 
a GND conductor 155 formed on the bottom of constituent layer 150a so as to oppose to the patch conductor 159. A 
power supply through conductor 1 54 is connected to the patch conductor 1 59 at a power supply site 1 53. An annular 
gap 156 is provided between the through conductor 154 and the GND conductor 155 so that the through conductor 
154 may not be connected to the GND conductor 1 55. Then power supply is provided from below the GND conductor 
so 1 55 via the through conductor 154. 

[0428] Where a wide band is to be realized, the constituent layer 160a of the patch antenna 150 should preferably 
have a minimized dielectric constant. For size reduction, on the other hand, a higher dielectric constant is desirable. 
Therefore, depending on the intended application, required performance and specifications, a material having an ap- 
propriate dielectric constant may be used. In most cases, a dielectric constant in the range of 2.6 to 40 and a dielectric 
55 dissipation factor (tanS) of 0.0075 to 0.025 are preferable. Then a choice may be made among the above-mentioned 
organic dielectric layers or the above-mentioned first and second composite dielectric layers. This choice enables to 
spread the frequency range and increase the precision of formation. It is also necessary to minimize the material loss. 
By setting a dielectric dissipation factor (tanS) of 0.0025 to 0.0075, an antenna having a minimum material loss and a 
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EP 1 113 459 A2 

Since the VCO is constructed to an equivalent circuit as shown in FIG. 75, it further includes strip lines 263, capacitors, 
signal lines, semiconductors and power supply lines. It is advantageous to form the respective constituent layers from 
materials selected appropriate for their function. 

[0439] For the constituent layers 21 Of, 21 Og constructing a resonator in this example, it is preferred to use organic 
s dielectric layers or first or second composite dielectric layers having a dielectric dissipation factor of 0,0025 to 0.0075. 
For the constituent layers 21 Oc to 21 Oe constructing a capacitor, it is preferred to use first or second composite dielectric 
layers so as to give a dielectric dissipation factor of 0.0075 to 0,025 and a dielectric constant of 5 to 40. For the 
constituent layers 21 0a, 21 0b constructing wiring and an inductor, it is preferred to use organic dielectric layers having 
a dielectric dissipation factor of 0.0025 to 0.0075 and a dielectric constant of 2.6 to 3.5. 
10 [0440] On the surface of constituent layers 210a to 21 0g, there are provided internal conductors including strip line 
263, GND conductor 262, capacitor conductor 264, wiring inductor conductor 265 and terminal conductor 266. Upper 
and lower internal conductors are connected by via holes 214. Electronic parts 261 are mounted on the surface, com- 
pleting a VCO corresponding to the equivalent circuit of FIG. 75. 

[0441] This construction enables to provide an appropriate dielectric constant, Q and dielectric dissipation factorfor 
*5 a distinct function, arriving at a high performance, small size, and thin part. 

Example 9-20 

[0442] FIGS. 76 to 78 illustrate a power amplifier according to a further embodiment of the invention. FIG. 76 is an 
20 exploded plan view of respective constituent layers, FIG. 77 is a cross-sectional view, and FIG. 78 is an equivalent 
circuit diagram. 

[0443] In FIGS. 76 to 78, the power amplifier includes a stack of constituent layers 300a to 300e, electronic parts 
361 formed thereon including capacitors, inductors, semiconductors and registers, and conductor patterns 313, 315 
formed above, below and intermediate the constituent layers 300a to 300e. Since the power amplifier is constructed 
25 to an equivalent circuit as shown in FIG. 78, it further includes strip lines L11 to L17, capacitors C11 to C20, signal 
lines, and power supply lines to semiconductor devices. It is advantageous to form the respective constituent layers 
from materials selected appropriate for their function. 

[0444] For the constituent layers 300d, 300e constructing strip lines in this example, it is preferred to use organic 
dielectric layers or first or second composite dielectric layers having a dielectric dissipation factor of 0,0075 to 0.025 
30 and a dielectric constant of 2.6 to 40. For the constituent layers 300a to 300c constructing a capacitor, it is preferred 
to use first or second composite dielectric layers so as to give a dielectric dissipation factor of 0.0075 to 0.025 and a 
dielectric constant of 5 to 40. 

[0445] On the surface of constituent layers 300a to 30 0e, there are provided internal conductors 3 13, GND conductors 
315, andthelike. Upper and lower internaf conductors are connected by via holes 31 4, Electronic parts 361 are mounted 
35 on the surface, completing a power amplifier corresponding to the equivalent circuit of FIG, 78. 

[0446] This construction enabies to provide an appropriate dielectric constant, Q and dielectric dissipation factorfor 
a distinct function, arriving at a high performance, small size, and thin part. 

Example 9-21 

40 

[0447] FIGS. 79 to 81 illustrate a superposed module according to a further embodiment of the invention, the module 
finding use as an optical pickup or the like. FIG. 79 is an exploded plan view of respective constituent fayers t FIG. 80 
is a cross-sectional view, and FIG. 81 is an equivalent circuit diagram. 

[0448J In FtGS. 79 to 81 , the superposed module includes a stack of constituent layers 400a to 400k, electronic parts 
45 461 formed thereon including capacitors, inductors, semiconductors and registers, and conductor patterns 413, 415 
formed above, below and intermediatethe constituent layers 400a to 400k. Since the superposed module is constructed 
to an equivalent circuit as shown in FIG. 81 , it further includes inductors L21 , L23, capacitors C21 to C27, signal lines, 
and power supply lines to semiconductor devices. It is advantageous to form the respective constituent layers from 
materials selected appropriate for their function. 
so [0449] For the constituent layers 400d to 400h constructing capacitors in this example, it is preferred to use second 
composite dielectric layers so as to give a dielectric dissipation factor of 0,0075 to 0.025 and a dielectric constant of 
10 to 40. For the constituent layers 400a to 400c, 400j to 400k constructing inductors, it is preferred to use organic 
dielectric layers having a dielectric dissipation factor of 0.0025 to 0.0075 and a dielectric constant of 2.6 to 3.5. 
[0450] On the surface of constituent layers 400a to 400k, there are provided internal conductors 413, GND conductors 
55 41 5, andthe like. Upper and lower internal conductors are connected by via holes 414. Electronic parts 461 are mounted 
on the surface, completing a superposed module corresponding to the equivalent circuit of FIG. 81. 
[0451] This construction enables to provide an appropriate dielectric constant, Q and dielectric dissipation factor for 
a distinct function, arriving at a high performance, small size, and thin part. 
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841, 842 in the form of through holes formed in the base body. Formed on the base body 810 are a surface GND 
conductor 847, a coaxial conductor 842 connected to the surface GND conductor 847 through an edge electrode 882, 
a coaxial conductor 841 connected to the coaxial conductor 842 through a connecting electrode 885, and a resonator 
HOT terminal 881 connected to the coaxial conductor 841 . The coaxial conductors 841 and 842 each are a coaxial 

s line having a specific impedance, and the surface GND conductor 847 is formed so as to surround them. 

[0465] The resonator exhibits desired resonant characteristics in a band of several hundreds of megahertz to several 
gigahertz when the material of the base body 81 0 has a dielectric constant in the range of 2.6 to 40. Since it is desired 
to minimize the material toss of the resonator, a dielectric dissipation factor (tan8) of 0.0025 to 0.0075 is preferred. 
Then a choice is preferably made of the above-mentioned organic dielectric layers orfirst or second composite dielectric 

10 layers. 

Example 9-26 

[0466] FIG. 91 is a see-through perspective view of a strip resonator according to a further embodiment of the in- 
w ventfon. 

[0467] Like Example 9-24, the strip resonator in FIG. 91 includes an intermediate U-shaped strip conductor 884, 
upper and lower rectangular GND conductors 883, and constituent layers 81 0 sandwiched therebetween. To the op- 
posite ends of the strip conductor 884, a HOT terminal 881 and a GND terminal 882 for a resonator are formed and 
connected. The method of forming the remaining components is the same as In the inductor of Example 9-1 . 
20 [0468] The resonator exhibits desired resonant characteristics in a band of several hundreds of megahertz to several 
gigahertz when the material of the constituent layers 810 has a dielectric constant in the range of 2,6 to 40. Since it is 
desired to minimize the material loss of the resonator, a dielectric dissipation factor (tan5) of 0.0025 to 0.0075 is pre- 
ferred. Then a choice is preferably made of the above-mentioned organic dielectric layers or first or second composite 
dielectric layers. 

25 [0469] FIG. 92 is an equivalent circuit diagram of the resonators in the foregoing Examples 9-23 to 9-26. In the 
diagram, a HOT terminal 981 for the resonator is connected to one end of a resonator 984, 941 constructed by a coaxial 
path or strip line, and a GND terminal 982 is connected to the other end thereof. 

Example 9-27 

30 

[0470] FIG. 93 is a block diagram showing a high-frequency portion of a portable terminal equipment according to 
a further embodiment of the invention. 

[0471] In FIG. 93, a base band unit 1010 delivers a transmission signal to a mixer 1001 where the signal is mixed 
with an RF signal from a hybrid circuit 1021. A voltage controlled oscillator (VCO) 1020 is connected to the hybrid 
35 circuit 1 021 to construct a synthesizer circuit with a phase lock loop circuit 101 9 so that the hybrid circuit 1021 may 
deliver an RF signal of a predetermined frequency. 

[0472] The transmission signal which has been RF modulated by the mixer 1001 is passed through a band-pass 
filter (BPF) 1002 and amplified by a power amplifier 1 003. An output of the power amplifier 1 003 is partially taken out 
of a coupler 1 004, adjusted to a predetermined level by an attenuator 1 005, and fed back to the power amplifier 1003 
40 for adjusting so that the power amplifier may have a constant gain. The coupler 1 004 delivers a transmission signal to 
a duplexer 1008 through an isolator 1006 for precluding reverse current and a low-pass filter 1007. The signal is 
transmitted from an antenna 1009 connected to the duplexer 1 008. 

[0473] An input signal received by the antenna 1 009 is fed from the duplexer 1008 to an amplifier 1 011 and amplified 
to a predetermined level. The received signal delivered from the amplifier 1 01 1 is fed to a mixer 1 013 through a band- 

45 pass filter 1012. The mixer 1013 receives an RF signal from the hybrid circuit 1021 whereby the RF signal component 
is removed to effect demodulation. The received signal delivered from the mixer 1 013 is passed through a SAW filter 
1014, amplified by an amplifier 1015, and fed to a mixer 1 01 6. The mixer 1016 also receives a local transmission signal 
of a predetermined frequency from a local transmitter circuit 101 8. The received signal is converted to a desired fre- 
quency, amplified to a predetermined level by an amplifier 1017 and sent to the base band unit 1010. 

so [0474] According to the invention, an antenna front end module 1200 including the antenna 1 009, duplexer 1 008, 
and low-pass filter 1 007, and an isolator power amplifier module 11 00 including the isolator 1 006, coupler 1 004, atten- 
uator 1005 and power amplifier 1003 can be constructed as a hybrid module by the same procedure as above. 
Further, a unit including other components can be constructed as an RF unit as demonstrated in Example 9-22. BPF, 
VCO, etc. can be constructed in accordance with the procedures shown in Examples 9-9 to 9-12 and 9-1 9, 

55 [0475] In addition to the above-exemplified electronic parts, the invention is also applicable by a similar procedure 
to coil cores, toroidal cores, disk capacitors, lead-through capacitors, clamp filters, common mode filters, EMC filters, 
power supply filters, pulse transformers, deflection coils, choke coils, DC-DC converters, delay lines, electromagnetic 
wave absorbing sheets, thin-walled electromagnetic wave absorbers, electromagnetic wave shields, diplexers, duplex- 
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[0486] Although some preferred embodiments have been described, many modifications and variations may be made 
thereto in light of the above teachings. It is therefore to be understood that the invention may be practiced otherwise 
than as specifically described without departing from the scope of the appended claims. 

5 

Claims 

1. A composite dielectric material comprising a resin and a ceramic powder dispersed therein wherein 

10 said resin results from a pofyvinylbenzyl ether compound, 

the content of the ceramic powder is from 1 0 vol% to less than 70 vol% based on the ceramic powder and the 
polyvinylbenzyl ether compound combined, and 

said composite dielectric material has a Q of at least 250 and a dielectric constant of at least 3 at a frequency 
of at least 500 MHz. 

15 

2. The composite dielectric material of claim 1 which has been prepared by curing a mixture of the polyvinylbenzyl 
ether compound and the ceramic powder. 

3. The composite dielectric material of claim 1 or 2 wherein the polyvinylbenzyl ether compound has the following 
20 formula (1): 

(1) 



25 



30 




35 wherein R 1 denotes methyl or ethyl, R 2 denotes hydrogen or a hydrocarbon group of 1 to 10 carbon atoms, R 3 

denotes hydrogen or a vinylbenzyl group in a molar ratio of hydrogen to vinylbenzyJ of from 60:40 to 0:1 00, and n 
is a number of 2 to 4. 

4. The composite dielectric material of any one of claims 1 to 3 wherein the ceramic powder to be dispersed has a 
40 Q of 250 to 50,000 and a dielectric constant of 2,5 to 300 at a frequency of 1 to 1 5 GHz. 

5. The composite dielectric material of any one of claims 1 to 4 wherein the ceramic powder is at least one ceramic 
based on a composition selected from the group consisting of Ti0 2 , CaTi0 3 , SrTi0 3 , BaO-Nd 2 0 3 -Ti0 2 , Bi 2 0 3 - 
BaO-Nd 2 0 3 -TiQ 2 , BaT5 4 0 9 , Ba 2 Ti 9 O 20l Ba 2 (Ti,Sn) 9 O 20l MgO-Ti0 2 , ZnO-T10 2l MgO-Si0 2 , and Al 2 0 3 base com- 

45 positions. 

6. A composite dielectric material comprising a resin and a ceramic powder dispersed therein, wherein 

said resin results from a polyvinylbenzyl ether compound, 
so said ceramic powder is at least one ceramic based on a composition selected from the group consisting of 

BaTiO a , (Ba,Pb)Ti0 3j Ba(Ti,Zr)0 3l and (Ba,Sr)TiQ 3 base compositions, 

the content of the ceramic powder is from 30 vol% to less than 70 vol% based on the ceramic powder and the 
polyvinylbenzyl ether compound combined, and 

said composite dielectric material has a dielectric constant of at least 10 in a high-frequency band of at least 
55 10 MHz. 

7. The composite dielectric material of claim 6 which has been prepared by curing a mixture of the polyvinylbenzyl 
ether compound and the ceramic powder. 
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14. A prepreg which has been prepared by dispersing a polyvinylbenzyl ether compound and a dielectric ceramic 
powder in a solvent to form a slurry, applying the slurry to a cloth base, and drying, wherein 

the content of the dielectric ceramic powder is from 10 to 65 vol% based on the dielectric ceramic powder 
and the polyvinylbenzyl ether compound combined. 

5 

15. The prepreg of claim 14 wherein the cioth base Is glass cloth. 

16. The prepreg of claim 14 or 15 wherein the polyvinylbenzyl ether compound has the following formula (1); 

10 



15 



20 




wherein R 1 denotes methyl or ethyl, Ft 2 denotes hydrogen or a hydrocarbon group of 1 to 10 carbon atoms, R 3 
25 denotes hydrogen or a vinylbenzyl group in a molar ratio of hydrogen to vinylbenzyl of from 60:40 to 0:1 00, and n 

is a number of 2 to 4. 

17. The prepreg of any one of claim 14to 16 wherein the dielectric ceramic powder has a mean particle size of 0.5 to 
100 u,m. 

30 

18. A composite dielectric substrate which has been prepared by heating and compressing the prepreg of any one of 
claims 14 to 17, the substrate being used in a high-frequency region of at least 100 MHz. 

19. A double side metal-clad composite dielectric substrate which has been prepared by placing the prepreg of any 
55 one of claims 1 4 to 1 7 between a pair of metal foils, followed by laminating press. 

20. A double side metal-clad composite dielectric substrate which has been prepared by dispersing a polyvinylbenzyl 
ether compound and a dielectric ceramic powder in a solvent to form a slurry, applying the slurry onto a metal foil, 
drying the coating to form the coated metal foil, and placing a cloth base between a pair of the coated metal foils 
such that the coating is in contact with the cloth base, followed by laminating press, wherein 

the content of the dielectric ceramic powder is from 1 0 to 65 vol% based on the dielectric ceramic powder 
and the polyvinylbenzyl ether compound combined. 

21 . The substrate of claim 20 wherein the cloth base is glass cloth, 

45 

22. The substrate of claim 20 or 21 wherein the polyvinylbenzyl ether compound has the following formula (1): 

(1) 
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35. The composite magnetic substrate of claim 34 wherein the polyvinylbenzyl ether compound has the following 
formula (1): 

(i) 
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15 




wherein R 1 denotes methyl or ethyl, R 2 denotes hydrogen or a hydrocarbon group of 1 to 10 carbon atoms } R 3 
denotes hydrogen or a vinylbenzyl group in a molar ratio of hydrogen to vinylbenzyl of from 60:40 to 0:1 00, and n 
is a number of 2 to 4, 

so 36. The composite magnetic substrate of claim 34 or 35 wherein the magnetic powder is of a ferromagnetic metal or 
ferrite. 

37, The composite magnetic substrate of any one of claim 34 to 36 wherein the magnetic powder has a mean particle 
size of 0.01 to 100 urn. 

25 

38, The composite magnetic substrate of any one of claims 34 to 37 wherein the content of the magnetic powder is 
50 to 90 wt% based on the magnetic powder and the polyvinylbenzyl ether compound combined. 

39. A prepreg which has been prepared by dispersing a polyvinylbenzyl ether compound and a magnetic powder in 
30 a solvent to form a slurry, applying the slurry to a glass cloth, and drying. 

40. A prepreg which has been prepared by dispersing a polyvinylbenzyl ether compound and a magnetic powder in 
a solvent to form a slurry, applying the slurry to a metal foil, and drying. 

35 41 . A substrate which has been prepared by laminating press the prepreg of claim 39. 

42. A double side metal foil-clad substrate which has been prepared by placing metal foils on opposite surfaces of the 
prepreg of claim 39, followed by laminating press. 

40 43. A double side metal foil-clad substrate which has been prepared by placing two plies of the prepreg of claim 40 
on opposite surfaces of glass cloth such that the metal foils are positioned outside, followed by laminating press. 

44. A prepreg which has been prepared by mixing a polyvinylbenzyl ether compound and a magnetic powder at a 
temperature of not lower than the melting point of the polyvinylbenzyl ether compound, and molding the resulting 

45 solid mixture under pressure. 

45. A substrate which has been prepared by laminating press the prepreg of claim 44. 

46. A double side metal foil-clad substrate which has been prepared by placing metal foils on opposite surfaces of the 
so prepreg of claim 44, followed by laminating press. 

47. A multilayer substrate which has been prepared by stacking at least two plies of the prepreg or substrate of any 
one of claims 44 to 46, followed by laminating press. 

55 48 f Aflame retardant substrate comprising a polyvinylbenzyl ether compound and a flame retardant dispersed therein. 

49. The flame retardant substrate of claim 48 
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64, The flame retardant polyvinylbenzyl ether resin composition of any one of claims 61 to 63 wherein the polyvinyl- 
benzyl ether compound has the following formula (1): 



10 




15 

wherein R 1 denotes methyl or ethyl, R 2 denotes hydrogen or a hydrocarbon group of 1 to 10 carbon atoms, R 3 
denotes hydrogen or a vinylbenzyl group in a molar ratio of hydrogen to vinylbenzyl of from 60:40 to 0:1 00, and n 
is a number of 2 to 4. 

20 65. The flame retardant polyvinylbenzyl ether resin composition of claim 61 , 63 or 64 wherein the flame retardant 
adjuvant is an inorganic flame retardant which has been surface treated with a coupling agent. 

66. A method for preparing a thermosetting polyvinylbenzyl ether resin composition, comprising the step of dissolving 
a polyvinylbenzyl ether compound in a solvent capable of dissolving the compound, 

25 

67. A method for preparing a thermosetting polyvinylbenzyl ether resin composition, comprising the steps of dissolving 
a polyvinylbenzyl ether compound En a solvent capable of dissolving the compound, removing the solvent from the 
polyvinylbenzyl ether compound, and obtaining a composition containing the thus treated polyvinylbenzyl ether 
compound. 

30 

68. The method of claim 66 or 67 wherein the composition cures into a product having a low dielectric dissipation factor. 

69. The method of any one of claims 66 to 68 wherein said solvent has a dielectric constant of 2 to 1 6. 

35 70. The method of any oneofclaims66 to 69 wherein the polyvinylbenzyl ether compound has the following formula (1): 



(1) 



40 
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so wherein R 1 denotes methyl or ethyl, R 2 denotes hydrogen or a hydrocarbon group of 1 to 10 carbon atoms, R 3 

denotes hydrogen or a vinylbenzyl group in a molar ratio of hydrogen to vinylbenzyl of from 60:40 to 0:1 00, and n 
is a number of 2 to 4. 

71 . A thermosetting polyvinylbenzyl ether resin composition which is obtained by the method of any one of claims 66 
55 to 70 and cures into a product having a Q of at least 250 at a frequency of 2 GHz. 

72. A thermosetting polyvinylbenzyl ether resin composition comprising a polyvinylbenzyl ether compound and a die- 
lectric powder which has been surface treated with a coupling agent. 
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82. The electronic part of any one of claims 79 to 81 comprising at least one organic dielectric layer containing the 
polyvinyl benzyl ether compound and having a dielectric constant of 2.6 to 3.5 and a dielectric dissipation factor of 
0.0025 to 0.006. 

83. The electronic part of any one of claims 79 to 81 comprising at least one first composite dielectric layer having a 
dielectric powder dispersed in a polyvinylbenzyl ether compound, said dielectric powder having a dielectric constant 
of 20 to 1 0 f 000 and a dielectric dissipation factor of 0.01 to 0.001 , and said first composite dielectric layer having 
a dielectric constant of 5 to 20 and a dielectric dissipation factor of 0.0025 to 0,0075. 

84. The electronic part of any one of claims 79 to 81 comprising at least one second composite dielectric layer having 
a dielectric powder dispersed in a polyvinylbenzyl ether compound, said dielectric powder having a dielectric con- 
stant of 20 to 1 0,000 and a dielectric dissipation factor of 0,01 to 0.0001 and being present in an amount of 40 to 
65 vol°/ 0j and said second composite dielectric layer having a dielectric constant of 10 to 40 and a dielectric dissi- 
pation factor of 0.0075 to 0.025. 

85. The electronic part of any one of claims 79 to 81 comprising at least one composite magnetic layer having a 
magnetic powder dispersed in a polyvinylbenzyl ether compound, said magnetic powder being present in an 
amount of 25 to 65 vol%, and said composite magnetic layer having a magnetic permeability of 3 to 20. 

86. The electronic part of anyone of claims 79 to 85 wherein at leastany one layer contains at least one flame retardant. 
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FIG. 3 
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FIG. 9 
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FIG. 12 



DIFFERENCE IN DIELECTRIC CONSTANT OF COMPOSITE FERRITE MATERIAL 
WITH DIFFERENT BASE RESINS AND FERRITE CONTENTS 
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